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This book is intended to be used primarily in connec- 
tion with instruction on courses of electrical engineering in 
institutions for technical education. It is laid out on the 
lines of the lectures and the instruction as given in the 
Polytechnic Institute of Brooklyn. It is intended equally 
as much for the general reader, who is seriously looking 
for information concerning dynamo electrical machinery of 
the types discussed, as well as a book of reference for 
engineers. 

The first two chapters are devoted to a brief but logical 
discussion of the electrical and magnetic laws and facts 
upon which the operation of this class of machinery 
depends. Calculus methods have been employed in a few 
places in these chapters, but the results arrived at by use 
of them are in such a form that they can be utilized by the 
reader who is unfamUiar with the processes of the calculus. 

In the chapter on design it has seemed advisable to 
express the flux density in lines per square centimeter. 
Both the square centimeter and the square inch are used 
in practice. The alteration of the formulas to square inch 
units is obviously simple. 

We wish to express our thanks to the various manufac- 
turing companies who have so courteously given informa- 
tion, and who have kindly loaned electrotypes of their 
apparatus. 
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PREFACE TO THE SECOND EDITION. 



The cordial reception accorded this volume upon its 
appearance has resulted in a rapid exhaustion of the edi-t 
tion. Its adoption as a text-book by many educational 
institutions has convinced the author that others concur 
with him in his judgment as to what should be embodied 
in such a book ; and he is encouraged in the preparation of 
a second volume which will treat of alternating current 
machines and which will appear shortly. Such errors as 
had inadvertently crept into the first edition are here cor- 
rected, in so far as they have been brought to the atten- 
tion of the author. 
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CHAPTER I. 

ELECTRICAL LA\A/^S AND FACTS. 

I. Mechanical Units Force is that which tends to 

produce, alter, or destroy motion. The units of force are 
the pound and the dyne. The dytu is that force, which 
acting on one gram for one second, will produce a velocity 
of one centimeter per second. 

Work is the production of motion against resistance. 
The units of work are the foot-pound and the erg. The 
foot-pound is the work done in lifting a body weighing one 
pound one foot vertically. The erg is the work performed 
by a force of one dyne in moving a body one centimeter 
in the direction of its acting. The joule is a larger imit 
much used, and is equal to lo^ ergs. 

Energy is the capacity to do work. Energy is divided 
into Kinetic energy and Potential energy. A body pos- 
sesses kinetic energy in virtue of its motion, while poten- 
tial energy is due to the separation or the disarrangement 
of attracting particles or masses. A wound up spring has 
potential energy because of the strained positions of the 
molecules, while a weight raised to a height has potential 
energy because of the separation of its mass from the 
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attracting mass of the earth. The potential energy of a 
body is measured by the work required to put the body 
into its strained condition. Kinetic energy is measured by 
the product of the weight into the square of the velocity 
divided by twice the acceleration due to gravity, or 

Kinetic Energy = . 

Power is the rate of performance of work. Its units 
are the horse-power and the watt. A horse-power is 33,OCXD 
foot-pounds per minute. A watt is lo^ ergs per second. 
One horse-power is equivalent to 746 watts. The number 
of watts in an electrical circuit carrying a certain number of 
amperes of current under a pressure of a certain number 
of volts is expressed by the product of the amperes into the 
volts. If we let 7* equal the torque or twisting moment 

<^ mm «2 

and 0) equal the angular velocity (= -— — where n is the 

number of revolutions per minute), then the horse-power 

6o<o7^ 2irnT 
JlI.P. = = • 

33000 33000 

In a belt-driven machine the torque in the shaft is equal 
to the difference in tension of the two sides of the belt 
multiplied by the radius of the pulley in f^t, hence 
T=-{F-'F')r. 

2. Absolute and Practical Units. — Since distinction 
must continually be made between the absolute units and 
the practical units, throughout this work the capital letters 
7, E^ and R will be used for quantities expressed in prac- 
tical units, the ampere, the volt, and the ohm ; the lower 
case letters /, ^, and r for quantities expressed in absolute 
units of current, pressure, and resistance respectively. 



^ * • • • •* 
** • • * • » 
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The absolute unit of current is such that, when flowing 
through a conductor of one centimeter length, which is 
bent into an arc of one centimeter radius, it will exert a 
force of one dyne on a unit magnet pole (§ 10) placed at the 
center. 

The absolute unit of difference of potential exists between 
two points when it requires the expenditure of one erg of 
work to move a unit quantity of electricity from one point 
to the other. This unit of quantity is the quantity which, 
in a second, passes any cross-section of a conductor in 
which a unit current is flowing. 

The absolute unit of resistance is offered by a body when 
it allows a unit current to flow along it between its two 
terminals, when maintained at a unit difference of potential. 

Current, /= — /. 

10 

E,M,K, E = \o^e. 
Resistance, R = loV. 

It is convenient and rational to make a distinction be- 
tween electromotive force and difference of potential. 
Electromotive force is produced when a conductor cuts 
magnetic lines of force, or when the electrodes of a pri- 
mary battery are immersed in a solution. But a difference 
of potential may exist merely because of an electric cur- 
rent. Between any two points of a conductor carrying a 
current there is that which would send a current through 
an auxiliary wire connecting these points, and we call it 
difference of potential. If the current in the original con- 
ductor be doubled, the difference of potential between the 
same two points will be doubled, showing that this differ- 
ence of potential exists because of the current flowing in 
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the original conductor. The word pressure is used for 
either difference of potential or for E,M,F, with obvious 
rekvancy. 

3. Ohm's Law. — Ohm's law is expressed by the for- 
mula ^ 

where / is the number of amperes flowing in an undivided 
circuit, E the algebraic sum of all the electromotive forces 
in that circuit, and R the sum of all the resistances in 
series in that circuit. 

The form of the equation E = IRj as applied to a por- 
tion of a circuit, is much used under the name of Ohm's 
law. In this case, however, E is not E.M.F., but differ- 
ence of potential, as explained in the last artide. 

If, in a house lighted by electricity, the service maintains 
a constant pressure of 100 volts at the mains where they 
enter from the street, and no lights be turned on, then at 
every lamp socket in the house there will be a pressure of 
100 volts. If now a lamp be turned on, it will be working 
on less than 100 volts, because of the drop or fall of po- 

m 

tential. If many lamps be turned on, a considerable drop 
may occur. The drop is caused by the resistance of the 
wires carrying the current from the place of constant po- 
tential to the place where it is used, and the volts lost have 
been consumed in doing useless work in heating the wires. 
That the drop is proportional to the current flowing is 
shown by a simple application of Ohm's law. 

Let R be the resistance of the line, and E^ the volts 
drop caused thereby when a current / flows. Then 

E^ = IR, 

from which it Is evident that the drop varies as the cur- 
rent when the resistance in the line is constant. 
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4. Resistance of Conductors — The resistance ^ of a con- 
ductor is expressed by the formula R = —, where <r is a 

constant called the resistivity, and depending upon the 
material and the temperature of the conductor, / is the 
length in centimeters, and A the cross-section in square 

cms. The reciprocal of the resistivity, -, is called the con- 
ductivity of a substance. 

The conductivity of copper depends on its purity, and on 
its physical condition, soft copper having 1.0226 times the 
conductivity of hard copper. Lake copper has a high con- 
ductivity because of its pureness. The same is true of 
electrolytic copper. This latter is now very largely used, 
though for a while there was a prejudice against it because 
it was said to be brittle. Temperature affects the resist- 
ance of metals. In pure metals the increase of resistance 
for a rise of 1° C. is about .004 times their resistance at 
0° C. Various alloys of iron, nickel, and manganese have 
a high value for <r, and do not have so high a temperature 
coefficient as given above. Iron heated in contact with 
copper gives a large thermal E.M,F.y which militates against 
its alloys being used for resistances in measuring instru- 
ments. 

If in the foregoing expression for R the centimeter and 
square centimeter be the units of length and cross-section 
respectively, then the following list gives the value of & for 
various metals in microhms (i microhm = TvuViFirir ohm). 

Copper .... at o°C, '-594 

Iron u u g^ 

Steel " " 13.0 

18% German Silver ** " 27. 

30% " " 4S. 
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A circular mil is a circle ^^j^ inch in diameter, and a 
wire one foot long and one circular mil cross-section is 
called a mil-foot. The resistance of a mil-foot at o° C. of 

Copper = 9.59 ohms, 
Iron = 58. ohms, 
Steel = 82. ohms. 

The American Institute of Electrical Engineers has 
adopted as its standard resistivity for soft copper one given 
by Matthiessen. A wire of standard soft copper, of uni- 
form cross-section, of one meter length, and weighing one 
gram, should have a resistance of o. 141 729 international 
ohms at o*^ C. A commercial copper showing this resis- 
tivity is said to have \Qo per cent conductivity. Copper is 
frequently found having a conductivity of 102 per cent. It 
is in these cases almost invariably electrolytic copper. 

5. Insulating Materials. — Materials which are to be 
used for insulating from each other the various electrical 
circuits of dynamo electric machines should possess the 
following properties : — 

They should have a high insulation resistance, and this 
resistance should be maintained high over the range of 
temperatures to be found in machines. They should 
furthermore have a dielectric strength sufficient to pre- 
clude any possibility of their being perforated by the 
voltages liable to exist between the conductors which they 
separate. This strength must also exist throughout all 
probable ranges of temperature. They must possess such 
physical properties as will permit of mechanical manipula- 
tion, as they must be oftentimes bent and twisted. Of 
course the chemical constitution should not be altered by 
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any change of temperature to which they would be sub- 
mitted. 

Mica possesses the highest insulation resistance and the 
largest dielectric strength to be found. It requires ipoo 
volts to perforate a sheet i mil in thickness. Its chemical 
constitution is unaffected by high temperatures. It is 
not, however, mechanically strong. 

Preparations of fibrous materials with linseed oil, which, 
after being dried, have been thoroughly baked, are fairly 
good insulators. As water is generally present in their 
pores, their insulation resistance, upon heating, decreases 
until the temperature has reached 100*^ C, and then it in- 
creases. These preparations are mechanically flexible. 
Preparations of fibrous material with shellac are good in- 
sulators, but crack upon bending. 

Vulcanized fibers are made by treating paper fiber chemi- 
cally, and, when dried, they have a fairly high insulation 
resistance, but they readily absorb moisture, and, upon dry- 
ing, are liable to warp and twist. They furthermore be- 
come brittle when heated. 

Sheets of insulation made up from pieces of scrap mica 
cemented together by linseed oil or preparations of shellac, 
when carefully constructed with lapped joints, exhibit 
nearly as good insulating and dielectric properties as sheet 
mica. While not perfect mechanically, these sheets permit 
of bending better than pure mica. 

Vulcabeston, which is a preparation of asbestos and rub- 
ber, exhibits fairly good insulating and mechanical quali- 
ties, and is especially fitted for higher temperatures. Its 
dielectric strength is about y^^ of that of mica. 

6, Divided Circuits If a current / be flowing through 
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Rf the undivided part of the circuit shown in Fig. i, and 
if /^ and I^ be the currents flowing in the shunt resistances 
R^ and R^ then I ^ I^ + /jj, and, since the pressure E 
upon each shunt is the same, by Ohm's law, 

T T ^ ^ 

or y^ . Yj . . j^ . — 

The currents in the branches of a divided circuit are in- 
versely as the resistances of the branches. 

If R^ be a single resistance, that substituted for the 

shunted resistances R^ and R^ will leave / unchanged, then, 

by Ohm's law, 

E _E^ E^ 
R^ Ri R^ 



OT R,= 



R\ R 2 
Ri-h R2 ^ '^^ 



= / 



The resistance eqtdvalent to a number of shunted resistances 
is equal to the reciprocal of the sum of the reciprocals of the 
separate resistances. 



RI 



t 



■mfinnfT^'d-ff a fl ' a 'gy y w 




Fig. X. 



7. Power of Electric Current. — A diflFerence of poten- 
tial e between two points requires e ergs of work to bring 
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a unit quantity of electricity from one point to the other. 
A unit of quantity is one absolute imit of current flowing 
for one second. Hence a current i flowing for / seconds with 
a difference of potential e does eit ergs of work. Likewise 
a current / flowing / seconds gives Tt coulombs of quantity, 
and with a diflference of potential of E volts does Elt X 10^ 
ergs of work. Hence the work per second or the power 
is EI X 10' absolute units. The practical unit of power is 
the watty and equals 10^ absolute imits. Hence, remember- 
ing that by Ohm's law E = IR^ the power of a current in 

Watts = EI= PR, 

For commercial currents and voltages the watt is a need- 
lessly small expression, hence the kilowatt (= i,ocx) watts) 
is generally used as the unit of electrical power. It is rep- 
resented by the abbreviation k.w. The horse-power is 
equal to 746 watts, or approximately three-fourths of a k.w. 

8. Heat Developed by a Current. — When a current / 
does work in overcoming a resistance Ry the work per- 
formed is converted into heat. By the last article the 
work thus done per second, or the power expended, will be 
PR watts. Since this rate of production of heat is often 
of no service, this expenditure of power is generally called 
the PR loss. 

This production of heat causes a rise of temperature in 
the conductor, and the temperature will continue to rise till 
the heat generated per second by the PR loss is exactly 
counterbalanced by the rate of dissipation of heat by con- 
duction, convection, and radiation. 

The necessary resistances of electrical machines involve 
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the production of heat in their operation (as does also fric- 
tion and reversal of magnetism), which causes a rise of tem- 
perature. As insulating materials can survive only moder- 
ately high temperatures, such machines must be designed 
to operate without becoming too hot. This is accomplished 
by decreasing the PR loss, by increasing the radiating sur- 
face, and by supplying ventilation. 

9. Fuses. — These are devices intended to protect cir- 
cuits from destruction or damage due to an excessive flow 
of current through them. They protect them by being 
themselves destroyed. They are generally made of lead 
or alloys of lead. Lead is liable to become oxidized after 
having been installed for some time. It is then liable to 
form a tube of hard oxide, which is sufficiently strong to 
hold molten lead in its interior, so as to maintain an elec- 
trical contact in the circuit which should be broken. Some 
alloys are not open to this objection. These alloys, in 
the form of wires, strips, or ribbons, are fastened at each 
end to copper terminals which are slotted to fit into fuse 
receptacles. The wire with its terminals is called a fuse 
link. Such a link is shown in Fig. 2. 





Fie. a. 

Copper wires are sometimes used as fuses on trolley cars, 
but the high melting point of copper prohibits its use as a 
protective device on house circuits. 

The current which will fuse a wire of lead alloy depends 
in magnitude upon the length of the wire. Short lengths 
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II 



I 



of a wire of given cross-section and given material will 
carry stronger currents than longer lengths. The heat 
which is generated in the short ones escapes more rapidly, 
owing to the larger masses of metal commonly forming the 
terminals of the fuse. Fuses are rated to carry a given 
amperage, and the rating is stamped upon the copper termi- 
nals. According to the national code the fuses must, how- 
ever, be able to carry indefinitely without melting such a 
number of amperes that the rated capacity is but 80 per 
cent of it. This permits the fuse to carry without melting 
25 per cent above the rated capacity. 




Fig. 3. 



For high voltages, and for large amperages, inclosed 
fuses are sometimes used, in which the fusible conductor is 
surrounded by a packing of finely divided powder in which 
borax is included as an element most desirable. Such a 
fuse is shown in Fig. 3. 
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CHAPTER 11. 

MAGNETIC LAWS AND FACTS. 

10. Strength of Magnet Pole. — A unit magnet pole is 
one which will repel an equal like pole, when at a distance 
of one centimeter, with a force of one dyne. 

It follows from this definition that a pole vt units strong 
will repel a like ;/;/// pole with a force of ;;/ dynes. The 
force exerted between two magnetic poles v^aries inversely 
as the square of the distance between them. Hence the 
force exerted between two magnetic poles of strengths ;;/ 
and m' when ^centimeters apart is defined by the equation 

_ m w' 

A ^ . 

11. Intensity of Magnetic Field. — A magnetic field is 
of unit strength or intensity when a unit magnet pole placed 
therein is acted upon by a force of one dyne, or when a 
magnet pole ;;/ units strong is acted upon by a force of 
;;/ dynes. The strength of a field is usually represented 
by OC. 

12. Magnetic Field and Lines of Force. — The space 
around a magnet where its action is felt is termed the field 
of that magnet. This field may conveniently be consid- 
ered as permeated by lines of force. These lines represent 
the direction of the force exerted by the magnet, and by 
their closeness to each other show the viagnitude of this 
force. 
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The student must not get the impression that, because 
the lines spread apart, a point in the field could be chosen 
where there would be no line. These lines may well be 
considered as tubes or pencils of force, filling all the space 
around the magnet. 

The lines of force contained in any plane passed through 
the magnet pole compose a magnetic spectrum, which can 
be made xdsible by the familiar experiment of sprinkling 
iron filings on a paper, which is laid over a magnet, and by 
gently tapping it. 

By convention one line of force per square centimeter is 
considered to represent a field of unit strength, the square 
centimeter being so taken that it is at all points perpendic- 
ular to the lines cutting it. Hence the strength or inten- 
sity 5C of any field can be expressed by the number of 
lines of force per square centimeter. 

Suppose a sphere of one centimeter radius to be circum- 
scribed about a unit magnet pole. Another unit pole at 
any point on the surface of this sphere will be acted upon 
by a force of one dyne. Hence there exists a unit field at 
any point on this surface. But there are 4 ir square centi- 
meters on this surface, and each square centimeter will 
be cut by one line of force. Therefore, there emanate 
from, a unit magnet pole /f. «• lines of force. Similarly a 
magnet pole of strength m sends out 4 tt w lines of force. 

A magnetic field is said to be uniform when it has the 
same 5C at every point therein, or when the lines of force 
are parallel. 

13. Electro-Magnetic Induction. — In 1831 Faraday and 
Henry independently discovered that when a conductor was 
moved in a magnetic field, an electromotive force was set 
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^ = — 



up in the conductor. This phenomenon is the foundation 
of all modern electrical engineering. 

An absolute unit of E,M,F, is produced when a conduc- 
tor cuts one line of force per second. If the conductor 
cuts two lines in the second, or one line in half a second, 
then two units are produced. 

If, in the short interval of time, dt seconds, d<f> lines be 
cut, then during that interval the value of the induced 
E,M,F, will be 

or, 

E = 8-? volts. 

\o at 

The negative sign is used because the induced E,M,F. 

tends to send a current in such a direction as to demag- 
netize the field. When of no con- 
3C i sequence the negative sign will 

hereafter be omitted. 

If a conductor, Fig. 4, / centi- 
meters long moves parallel to itself 
with a uniform velocity of v cen- 
timeters per second across a uni- 
form magnetic field of strength 
X, its path making an angle a with 
the direction of the lines of force, 
then the number of lines cut per 
second is JC/z' sin a, and since the 

rate of cutting is uniform, the E,M,F, at any instant is 

e = JC/t/ sin a. 

If there be a non-uniformity in the rate of cutting lines, 
due either to an uneven field or an irregular motion, then 




Fig. 4. 
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the average value of the induced E,M.F. associated with 
the cutting of ^ lines in the time, / seconds, will be ^^ =-• 

For suppose the time / to be divided into/ equal and small 
periods havirg a duration of A/ seconds. Furthermore, 
suppose that during these successive periods A^', A^", A<^'", 
etc., lines be cut respectively. Then the induced E.M.F,'s 
during these periods, which may be represented by /,/', ^", 
etc., respectively, will be as follows : — 

A/ 



/" = 



A/ 

A^ 
A/ 



Adding these / equations, and then dividing by /, gives the 
equation above, viz., 

The average value of the induced E,M.F. is therefore inde- 
pendent of the magnitude of the instantaneous values. 

If a loop of wire revolve, uniformly or otherwise, in a 
magnetic field which is uniform or otherwise, its sides cut 
lines of force at various rates. The instantaneous E,M.F, 
in the whole loop will be as before. 

where ^ is the number of lines that links with, or that 
passes through) the loop. If the loop be of » tumS| then 
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the pressure will be n times as great, or during the inter- 
val dt^ 

nd fj> 



^ = - 



loV/ 



14. Direction of Induced E.H.F. — The direction of 
flow of a current induced in a closed circuit by mov- 
ing it in a magnetic field is best represented by drawing 
the conventional representation of the three dimensions 
of space. If the flux be directed upwards, and the motion 
of the conductor be to the right, then the E.M.F, will tend 
to send a current toward the reader. If any one of these 
conditions be changed it necessitates the change of one of 
the others, and conversely the change of any two leaves 






a. 

An 




K 



Hofloti 




Motion 



Pie. 5. 



Fig. 6. 



the third unaltered. About the same idea is represented 
in Fleming's Rule, which is as follows : — 

Let the index finger of the right hand point in the di- 
rection of the flux, and the thumb in the direction of the 
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motion. Bend the second finger at right angles with the 
thumb and index finger, and it will point in the direction 
of the E.M.F. 

Another rule is : — 

Stand facing a north magnetic pole. Pass a conductor 
downward. The current tends to flow to the left. 

15. Inductance. — Nearly every electrical circuit which 
has a current flowmg in it has lines of force linked with it, 
due to that current. WTien the circuit is opened the dis- 
appearance of the lines is accompanied by a cutting of the 
circuit by those lines, and the cutting results in the pro- 
duction of an E.M.F. This is called the E.M.F. of scif- 
induction. Its magnitude is dependent upon the rapidity 
with which the field disappears, and upon a constant deter- 
mined by the geometric shape of the circuit and the char- 
acter of the medium in which it is placed. This constant 
is called the sdf-indnctattcc or the coefficient of self-induc- 
tion of the circuit. It is generally represented by the 
letter Z, and is that coefficient by which the time rate of 
change of current in the circuit must be multiplied in order 
to give the E.M.F. induced in the circuit. Its absolute 
value is numerically represented by the number of lines of 
force linked with the circuit per absolute unit of current in 
that circuit. Its practical unit is 10^ times as large as the 
absolute unit, and is called the henry. In a given circuit it 
varies as the square of the number of turns of wire. Two 
circuits may exercise a mutually inductive action upon each 
other, and an E.M.F. may be induced in one by a change 
of current in the other. This is called the E.M.F. of 
mutual induction. In magnitude it depends upon the shape 
and position of the two circuits, and upon the character 
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of medium in which they are placed. It is also dependent 
upon a constant which is called the mutual inductatue or 
coefficient of mutual induction of the two circuits. It is 
generally represented by the letter M, It is that coeffi- 
cient by which the time rate of change of the current in one 
of the circuits is multiplied in order to give the E,M.F. 
induced in the other circuit. Its absolute value is numeri- 
cally equal to the number of lines of force linked with one 
of the circuits per absolute unit of current in the other cir- 
cuit. Its practical unit is the same as the practical unit 
of self -inductance, that is the henry, and is lo® times as 
large as the absolute unit. The coefficient of mutual in- 
duction varies directly as the number of turns of wire in 
either circuit. 

i6. Quantity of Electricity Traversing a Circuit Due 
to a Change of Flux Linked with it. — In many dynamo 
tests, and in many magnetic investigations, it is necessary 
to measure, generally by means of a ballistic galvanometer, 
the quantity of electricity traversing a circuit due to a 
change of flux linked with it. If the circuit have a resist- 
ance of r and in dt time the flux linked with n turns 
changes by d<^f then the instantaneous current 

r 
But the quantity, dq = idt, hence 

r 

which is independent of time. So if the flux change from 
<^i to <^2, then 

q = «, 
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or Q = FT^ microcoulombs. 

^ 100 jR 

17. Work Performed by a Conductor Carrying a Current 
and Moving in a Magnetic Field. — Let a conductor carry- 
ing a constant current i be moved in a direction perpen- 
dicular to itself and to the lines of force of a magnetic field. 
Suppose it to move for dt seconds, and in that time to cut 
d4^ lines of force. Then the induced E,M.F. e will be 

— -^. The quantity of electricity dq that has to traverse 

the circuit against this E.M.F, during the time dt will 
be idt. Since potential is a measure of work, the work 
required to carry dq units of electricity against a difference 
of potential e is edq ergs. Hence the work in ergs, 

dw = edq = idt X -jr = idff>. 

at 

Therefore the current /', in cutting <^ lines of force, per- 
forms the work 

w = iif> ergs. 

From this it is seen that the work done by a conductor 
carrying a current and cutting lines of force is independent 
of the time it takes to cut them. 

In the above discussion, if the field be not uniform or 
the motion be not uniform, the value of e will not be the 
same for each instant of time. But since the result 
obtained is independent of time, it is immaterial how the 
lines are arranged, and how the rate of cutting varies. 

18. Magnetic Potential. — The magnetic potential at 
any point is measured by the work required to bring a unit 
magnet pole up to that point from an infinite distance. 
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The difference of magnetic potential between any two 
points is measured by the work in ergs required to carry a 
unit magnet pole from one to the other. The difference 
of magnetic potential is a measure of the ability to send 
out lines of force, or to set up a magnetic field. 

19. Magnetomotive Force of a Circular Circuit Carry- 
ing a Current. — A thin circular conductor carrying a cur- 
rent forms a magnetic shell. If a unit magnet pole be 
taken from the top side of a shell, and carried around to 

the bottom side, work must be 
done, and this work is a measure 
/ y^ \ \ of the difference of potential be- 

\ \ '^ y tween the two sides of the shell. 

It is immaterial whether the 
pole be carried from one side of 
the shell to the other, or the 
shell be turned bottom side up 
around the pole. In the latter case it is clear that all the 
lines emanating from the pole will be cut once, and once 
only, by the conductor, wherefore 47r lines will have been 
cut. 

If current i flows in the conductor, then, by § 17, 

Work in ergs /<^ = 4 iru 

If there be n turns of the conductor, each line of force 
will be cut n times, and the work will be ^irni ergs. 

Hence the difference of potential between the two sides 

of a thin magnetic shell is 4 imi or — — 

10 

In this expression — is a constant, and it is convenient 
to regard nl as a single variable. In connection with it the 




Fig. 7. 
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term ampere-turns is employed, and this is frequently 
written nL 

Here the same argument holds as in §17, that the inten- 
sity of field and the rate of cutting lines wiU vary as the 
pole is in different parts of the path. But the total num- 
ber of lines cut is the same in any case, so the expression 
for work and potential is true, no matter what path the pole 
takes. 

ao. Force Exerted on a Field by a Conductor Carrying a 
Current. — When a conductor moves in a field perpendicu- 
lar to itself and to the lines of force, then, from § 17, 

Work = /<^ ergs. 

If the conductor be / centimeters long, and traverses a dis- 
tance of s centimeters through a imiform field of strength 
JC (JC lines per sq. cm.), then 

^ ^ /f JC, 
and the 

Work = /V[r 3C ergs. 
But 

Work = force X distance = /i = ^ JC 

__ .--.- y/jc , 

.«. F^ t/3C = dynes. 

10 ' 

21. The Solenoid. — A uniformly wound, long, straight 
coil, carrying a current /, produces a uniform field JC at its 
center. This coil is called a solenoidy and may be consid- 
ered as composed of magnetic shells arranged at equal dis- 
tances from each other. It takes ^tri ergs to move a unit 
magnet pole from one side of a shell to the other (§ 19), 
and ^lein ergs to pass it through the n consecutive shells 
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of the solenoid. If these ;/ shells occupy a length on the 
solenoid of / centimeters, then 

Work z^ force X distance = 5C/= ^7r/» ergs^ 

and the magnetizing force, that is, the strength or intensity 
of field, in the solenoid is 



OC = 



10/ 



22. Permeability. — The same difference of magnetic 
potential between two points will produce more lines of 
force in iron than in air. Iron is then said to be more per- 
meable than air, or to have a greater permeability. If a 
difference of magnetic potential could set up, at a certain 
place, a field of strength 3C, with air as a medium, and one 
of strength (B, with some other substance as a medium, 

then the ratio r^ expresses the permeability of that sub- 

stance. This ratio is usually represented by /x. As 3C 
varies directly with the magnetic difference of potential, it 
becomes a measure of it. Therefore 3C is called the mag- 
netising force and (B the flux density^ the magnetic density y 
or the induction per square centimeter. For air, vacuum, 
and most substances ft = i . For iron, nickel, and cobalt ft 
has a higher value, reaching, in the case of iron, as high 
as 3000. Bismuth, phosphorus, water, and a few other sub- 
stances, have a permeability very slightly less than unity. 

A substance for which ft = o would insulate magnetism. 
There is no such substance. 

The total magnetic flux, <^, which passes through an 
area of A square centimeters, in which the magnetic density 
is (B, is represented by the equation 

<^ = ^ (B. 
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The permeability of air is constant for all magnetizing 
forces. This is not the case with iron and other substances 
which have a permeability greater than unity. The value 
of ft, CR, and 5C, which are connected by the relation (B = /t3C, 
are given in the following table for average commercial 
wrought iron, for cast iron, and for steel. The relations 
which exist between (B and 3C are also shown in Figs. 8, 9, 
and 10. These curves are technically known as CB-JC 
curves. 

DATA FOR (B-3C CURVES. 

AVKRAGE FIRST QUALITY METAL. 





Ampbrb- 


Ampbrb- 


Wrought and 
Shbbt Iron. 


Cast Iron. 


Cast Stkbl. 


3e 


TURNS 
PBR CeN- 


TURNS 

PER Inch 




Kilo- 




Kilo- 




Kilo- 




TIMETBR 

Lbng-ih. 


Length. 


(B 


LINES 
PER 

Sq. Is. 


(B 


lines 

PBR 

Sq. In. 


CB 


lines 

PER 

Sq. In. 


10 


7.95 


20.2 


11800 


74 


3900 


25.2 


12000 


77 


20 


15.90 


40.4 


14000 


90 


5500 


35-5 


13800 


89 


30 


23-85 


60.6 


15200 


98 


6500 


42.0 


14600 


94 


40 


31.80 


80.8 


15800 


102 


7100 


45-7 


15400 


99 


50 


39-75 


101.0 


16400 


106 


7700 


49 5 


16000 


;°o^ 


60 


47.70 


I2I.2 


16800 


108 


8200 


53.0 


16400 


80 


63.65 


161.6 


17200 


III 


8900 


57.2 


16700 


108 


100 


7950 


202.0 


17600 


114 


9300 


60.0 


17600 


113 


>25 


99.70 


252.5 


17800 


"5 


9700 


62.4 


18200 


117 


150 


119.25 


3030 


18000 


116 


lOIOO 


65.8 


18600 


120 



3C= 1.258 («/per cm.) = 495 («/per in.). (^ = .155 (4> per sq. in.). 

23. Things Which Influence the Shape of the (i^dC Curve. 
— In general all substances mixed with or alloyed with iron 
lower its permeability. In steel and cast iron the per- 
meability seems to be in inverse proportion to the amount 
of carbon present. Carbon in the graphitic (not combined) 
form lowers the permeability less than carbon when com- 
bined. In cast iron and cast steel such substances as tend 
to give softness and greater homogeneity to the metal 
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when present in limited amounts, say 2 per cent, increase 
the \'alue of ^. Aluminum and silicon act in this way. 

The physical condition of the metal also affects its per- 
meability. Chilling in the mold, when casting, lowers it, as 
does tempering, or hardening the metal by working it. On 
the other hand, annealing increases the permeability. 

Apiece of iron or steel, subjected to a small magnetizing 
force, has its permeability increased by increasing the tem- 
perature until a critical temperature is reached, when it falls 
off rapidly to almost unity. For stronger magnetization 
the permeability does not rbe so high at the critical tem- 
perature, and does not fall off so sharply after it. The 
value of this critical temperature lies between 650° C. and 
900° C, depending on the test piece. 

34. Reluctance and Permeance. — In the flow of mag- 
netic lines of force the reciprocal of "Cor permeability, -, is 
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called the reluctivity. The total reluctance y tending to 
oppose the passage of magnetic lines under the influence 
of a magnetic difference of potential, is directly as the 
length and the reluctivity of the medium and inversely as 
us cross-section. Hence the total magnetic resistance or 

Reluctance = — ; — reluctivity. 

cross-section ^ 

Reluctivity is usually represented by /»(=-). Hence for 

a medium of cross-section A square centimeters and length 
/ centimeters, the reluctance 

Permeance is the reciprocal of the reluctance, hence the 
permeance ^ ^ 

^ = /p = 7'* 

It must be remembered that p and /t* are not constant for 
any one substance, but depend for their values upon the 
strength of the magnetizing force JC which is acting upon 
the substance. 

25. Relation Between Magnetomotive Force, Magnetic 
Flux, and Reluctance. — These quantities are related to 
each other the same as are E.M.F.y current, and resistance, 

^^*' _ Magnetomotive Force 

"" Reluctance 

In this respect electric current and magnetic lines are 
similar. However, while electric circuits, in the main, ex- 
ist in media of zero electric conductivity, and therefore 
permit of accurate calculations, there being no appreciable 
leakage, magnetic circuits must be situated in media which 
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have permeabilities of at least unity. In the latter case 
much leakage is present, and precise calculations are out of 
the question. In the designing of dynamo electric ma- 
chinery, however, one or more paths of low reluctance are 
presented to the magnetizing force, and these are pro- 
tected by being so shaped that leakage paths offer a com- 
paratively high reluctance. 

26. Hysteresis. — If a piece of iron become magnetized, 
and the magnetizing force be then removed, the iron does 




Pif. II* 



not become completely demagnetized. A certain magnet- 
izing force in the opposite direction must be used to bring 
it to a neutral state. This phenomenon has been termed 
hysteresis. Because of hysteresis a (B-JC curve taken with 
continuously increasing values of X to the maximum and 
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then with continuously decreasing values of 3C to a negative 
maximum, and so on, will assume the shape shown in Fig. 
II. The distance O A represents the coercivity^ that is, 
the magnetizing force necessary to bring the iron from a 
magnetic to a neutral state. The distance O C represents 
the retentivityy that is, the amount of magnetic induction 
left in the iron after the magetizing force has been removed. 
The area inclosed by the curve represents the energy lost 
in carrying the iron through one cycle, i.e., from a maximum 
magnetization to a maximum in the opposite direction and 
back to the orginal condition. 

For suppose the magnetization to be due to a current / 
flowing in a solenoid of ;/ turns. It, in a short inter\'al of 
time dty a change of d<^ be made in the flux which is linked 
with the solenoid, then this change will induce an E.M.F. 
in the solenoid which during the interval of time dt will be 
equal to 

E = — 7-.^ volts. 
I o V/ 

During this time work must be performed to maintain this 
current /, and its magnitude is 

for Idt represents the quantity of electricity which is trans- 
ferred from one point to another, between which there ex- 
ists a difference of potential E, Now <^ = ^(B (§ 22) and 

10 3C/ 

hence d^ = Ad^. Furthermore, «/= (§ 21). Hence 

the work during the time dt is 

4/ 
Eldt =-V- JC^/(B joules. 
I0'47r 
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Supposing the magnetizing force to vary cyclically, taking 
T seconds to make one cycle, then the work per cycle is 



'max 



Ai r+®" 

EIT= '-=— I X^/(B joules. 



If the number of cycles completed in one second be/, then 
y = — , and the work in joules per second, that is, the power 

in watts, equals 

£/= ^7— / JCrt'CB =-^^,- /volume / 3C//(B. 






The integral expression is evidently the area contained by 
the hysteresis loop. 

27. Steinmetz's Law. — The value of the integral ex- 
pression is dependent upon (B,«ax, upon the retentivity of 
the kind of iron, and upon its coercivity. Stein metz has 
shown that for all practical purposes the value of the inte- 
gral may be expressed by the empirical formula 



I r-r^max 

where 17 is a constant depending upon the kind of iron. 
Its value is given in the following table : — 

HYSTERETIC CONSTANTS. 

Best soft iron or steel sheets 0.00 1 

Good soft iron sheets 0.002 

Ordinary soft iron 0.003 

Soft annealed cast steel 0.008 

Cast steel 0.012 

Cast iron 0.016 

Hard cast steel 0.025 
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The hysteretic constant, if at first small, grows with age. 
Its increase can be hastened by continued heating. The 
increase may amount to 200 per cent. Annealing, while it 
increases the permeability, also increases the hysteretic 
constant, if it be originally very small. 

The magnitude of the hysteretic constant is largely de- 
pendent upon the mechanical structure of the iron. To 
attain the smallest value the iron should not be of homoge- 
neous structure, but should have a greater density in the 
direction perpendicular to the direction of flux. 
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CHAPTER III. 

ARMATURES. 

28. Dynamos. — Dynamos may be defined as machines 
to convert mechanical energy into electrical energy by 
means of the principle of electromagnetic induction. In 
all commercial machines the mechanical energy is supplied 
in the form of rotation, and the electrical energy is deliv- 
ered either as "direct current" or "alternating current." 
These machines are also frequently called generators, 

29. Principle of the Action of a Dynamo. — If a loop of 
wire be revolved in a magnetic field about an axis perpen- 
dicular to the lines of force, as in Fig. 1 2, then each side 
(but not the ends) of the loop is a conductor moving across 
the lines of a magnetic field, and as such will have an 
E,M.F, induced in it. Since the motion of one conductor 
is up while that of the other is down, the directions of the 
induced E.M.F.'s in the two sides will be opposite to each 
other, and since they are on opposite sides of a loop, the 
pressure will be cumulative ; i. e., instead of neutralizing 
each other, the two pressures will be added to each other. 
If now the two ends of the wire from which the loop is 
made be respectively connected with slip rings^ and a cir- 
cuit be completed through contacts sliding on them, a cur- 
rent will flow. When the loop, in its revolution, reaches a 
position (as illustrated in Fig. 12) such that the conductor 
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that was previously moving upward begins to move down- 
ward, then the direction of the induced E.M.F. will be 
changed in both sides of the loop, and the direction of the 




current through the circuit will be changed. For each 
complete revolution the current changes direction twice. 
It is an attcntaling current, and the supposed machine is 
an altemaiing curroil dynamo, or simply an alternator. 

30. The Principle of the 
Commutator. — A commu- 
tator is used on the shaft of 
a machine when it is de- 
sired to get a direct or rec- 
tified current. For the 
single loop in the above 
case, the commutator (Fig. 
13) would consist of two similar cylindrical parts of metal, 
insulated from each other, and affording sliding contact for 
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two brushes. One end of the wire of the loop is attached 
to one piece of the commutator, and the other to the other. 
The brushes are so placed that at the instant the in- 
duced E.M.F. in the loop changes its direction, the brushes 
dide across from one segment of the commutator to the 
other, and thus the current, while reversed in the loop, is 




PlE. M. 

left flowing in the same direction in the outside circuit. 
If the loop were wound double before the ends were at- 
tached to the commutator segments, and if the speed of 
revolution and the strength of the magnetic field were both 
maintained constant, twice the E.M.F. would be produced, 
but no more commutator segments would be necessary 
(Fig. 14). 

In the above cases at the instants of commutation there 
would be no E.M.F. produced, and hence the current would 
fall to zero twice every revolution. If two coils were placed 
90° apart, one or the other would always be cutting lines 
of force. Hence at no time could the pressure be zero. 
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To satisfactorily collect current from this arrangement re- 
quires four commutator segments and a system of connec- 
tions similar to that shown 
n in Fig. 15. In this case 

'^ the E,M,F, would fluctu- 

ate, but not so badly as in 
the previous case. If we 
increase the number of 
loops, and correspondingly 
increase the number of 
commutator segments, we 
decrease the fluctuation 
of the E.M.F. until it be- 
comes practically constant. In a bipolar machine with 12 
commutator segments the fluctuation is 1.7 per cent of the 
total E,M,R 




Fig. 15. 



31. The Armature. — In a dynamo, the loops of wire in 
which E.M.F, is induced by movement in a magnetic field, 
together with the iron core that sustains them, with the 
necessary insulation, and with the parts connected imme- 
diately thereto, constitute the armature of a dynamo. The 
conductors in which the 
E,M,F, is generated are 
called the inductors. An 
armature in which both 
sides of the loop of wire 
cut lines of force, as in 
the cases just described, 
is called a Drum Arma- 
ture, A kind of armature less generally used is the Ring 
Armature^ illustrated diagrammatically in Fig. 16. Here 




Fig. z6. 
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the lines of force emanating from the N. pole of the field 
magnets flow through the iron core of the ring, and very 
few across the air space inside the ring. Hence when 
wires are wound on the ring, and the whole is revolved 
about an axis perpendicular to the plane of the ring, only 
the wires on the outside face of the ring cut lines of force, 
those on the inside serving only to complete the electrical 
circuit. So a smaller portion of the wire on a ring arma- 
ture is in action than on a drum armature. 

A drum armature of large diameter and of short length 
in the axial direction has more wire exposed on its ends 
than on its periphery. The pole pieces are sometimes 
placed at the ends, and the armature is then called a Disk 
Armature. This type is seldom used in this country. 



32. The Field Magnets. — Almost all dynam< 
their magnetic fields produced by electro-magnets. 



s have 
These 




are called the field magnets, 
usually bipolar, i.e., having i 



In small machines these are 
le N. and one S, pol^ with 
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the armature revolving between. In large machines it is 
usual to use multipolar field magnets, in which any even 
number of poles alternately N. and S. are arranged in a 
circle with their faces concentric with the armature. 

Bipolar machines are made in many forms, a few of 
which are shown in Fig. 17. 

The magnetizing coils may be on both legs of the mag- 
net, on one leg, or on the jyoke which connects the two legs. 
In the double horse-shoe type there are four windings, one 
on each of the four legs. Such a field is sometimes said 
to be of the consequent pole type. 

33. Capacity of a Dynamo. — By § 13, in a bipolar 
machine the average pressure between brushes equals the 
product of the number of lines cut into the number of in- 
ductors cutting them, divided by the time in seconds of 
one revolution. Since each line is cut twice in one revolu- 
tion by each conductor, the formula for the E.ALF, pro- 
duced by the machine is 

60 10* 

where Fis the number of revolutions per minute, <^ the 
total flux through the loops, and ^ the number of inductors. 
In drum armatures 5 = twice the number of loops ; in ring 
armatures S = the number of loops. 

The capacity of a machine is measured by the watts it 
can send out, hence the capacity varies as £/. It is seen 
from the foregoing formula that the E of any machine may 
be increased by increasing either J, <^, or 5. 

The \'aluc of Fis limited, (i) by considerations of me- 
chanical safety and economy, and (2) by the desirability, in 
the case of a dynamo, of directly connecting it to the steam 
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engine or other prime mover, and in the case of a motor 
the connection of it to the machine it operates. The speed 
of small machines is greater than that of larger ones ; but 
the peripheral velocity, that is, the velocity of a point on 
the exterior of the armature, for all sizes, lies between 25 
and 100 feet per second on belt-driven machines, and be- 
tween 25 and 50 feet per second on direct connected 
machines. On large (say 2,000 k.w.) multipolar machines, 
having great diameter of armature, these values are often 
exceeded. 

The value of <^ depends upon the size of the machine, 
and the permeability of the metal of its frame. To get a 
large and economical (B the metal parts of the field magnets 
are designed to have a very low magnetic reluctance. The 
air-gap between the pole pieces and the armature, and the 
space occupied by the revolving inductors, are each made 
small. The armature inductors are wound upon an iron 
core of low magnetic reluctance. These cores are fre- 
quently slotted and the windings laid in the slots. Besides 
reducing, to a certain extent, the magnetic reluctance by 
this construction, a good mechanical means is furnished 
for driving and protecting the inductors. Wires wound on 
the exterior of a plain cylinder, or smooth corcy under the 
influence of high speeds and the "magnetic drag" which 
they experience have a serious tendency to rub one an- 
other, and chafe the insulation to its final destruction. 
The armatures having slotted cores, which are also called 
tootlud core armatures^ are to be recommended for gene- 
rators that will be obliged to work under wide variations of 
load. They cost more to build than smooth-core arma- 
tures. 

The numbers of inductors 5 on an armature can be in- 
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creased by decreasing the size of the wire. Sufficient 
cross-section must, however, be left in the inductors to 
carry the maximum current of the machine without causing 
a heating of the armature to such a point as to endanger 
the insulation. Good practice calls for from 4CX) to 800 
circular mils cross-section of armature conductor per am- 
pere. The smaller values are for intermittently acting 
machines — elevator motors for example. The larger 
values are for machines that run continuously, such as 
central-station generators. 

34. Eddy or Foucault Currents in Armature Cores. — 

It is evident that an imaginary axial lamina of the iron core 
of an armature is a conductor moving in a field, and there- 
fore has in it an induced E.M.F, Since this lamina in it- 
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self forms a closed circuit, currents, called Foucault or eddy 
currents^ will flow in it, Fig. 18, and their energy will 
appear in the form of heat, which will produce an undue 
elevation of temperature of the armature. To avoid this 
the iron of the core is laminated at right angles to the axis 
of revolution, and the laminae are insulated from one 
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another. The heating due to eddy currents is proportional 
to the square of the thickness of the disics or laminae. 
Commercial and mechanical reasons limit the decrease of 
thickness. In good practice the thickness of armature 
disks varies from .01" to .06." 

For insulation between the disks reliance is usually 
placed on the iron oxid that forms on them during their 
manufacture. Generally every six disks or so a further 
insulation is interposed by the use of shellac, japan, or 
paper. Milling slots in laminated armature cores after set- 
ting up causes burrs. These bridge the insulation between 
the disks, and militate against the advantages sought after 
by lamination. For small armatures the disks are punched 
whole from sheet-iron, with the teeth and holes for the 
shaft. These punchings are assembled on the shaft, and 
held in place by brass collars set down on either side of the 
pile by nuts on the shaft or by similar devices. In large 
machines, parts or segments of the whole periphery are 
punched separately, and these are assembled with joints 
staggered. These large laminae are not directly attached 
to the shaft, but are mounted upon a spider, which in turn 
is connected with the shaft. A complete spider and core 
is shown in Fig. ig. 

In large armatures it is usual to make ducts or venti- 
lating passages in the core by occasionally separating the 
disks by the interposition of blocks of insulating material. 
Such ventilation carries off the heat, and lessens the rise of 
temperature of the armature when in operation. 

35. Rating of Machines. — The American Institute of 
Electrical Engmeers recommends that all electrical and 
mechanical power be expressed, unless otherwise specified. 
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in kilowatts ; that the full-load current of an electric gene- 
rator be that current which, with the rated full-load volt- 
age, gives the rated kilowatts ; that all guaranties on heat- 
ing, regulation, and sparking should apply to the rated 
loa<l, except where expressly specified otherwise ; that 
direct current generators should be able to stand an over- 
l<ad of 25 per cent for one-half hour without an increase 
of temperature elevation exceeding 15° C. above that 
specified for full load ; and that direct current motors 
should, in addition, be able to stand an overload of 50 per 
cent for one minute. 

Concerning the normal permissible elevation of tempera- 
ture the following statements are taken from articles 25 to 
3 1 of the Institute's Standardization Report : — 

" Under r^ular service conditions, the temiierature of 
electrical machinery should never be allowed to remain at 
a point at which permanent deterioration of its insulating 
material takes place. 

"The rise of temperature should be referred to the stan- 
dard conditions of a room temperature of 25° C, a baro- 
metiic pressure of 760 mm. and normal conditions of 
ventilation ; that is, the apparatus under test should neither 
be exposed to draught nor inclosed, except where ex- 
pressly specified. 

" If the room temperature during the test differs from 
25° C, the observed rise of temperature should be cor- 
rected by 1 per cent for each degree C. Thus, with a 
room temperature of 35° C, the observed rise of tem- 
perature has to be decreased by 5 per cent, and with 
a room temperature of is^C, the observed rise of tem- 
perature has to the increased by 5 per 'cent. The 
thermometer indicating the room temperature should 
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be screened from thermal radiation emitted by heated 
bodies, or from draughts of air. When it is impracti- 
cable to secure normal conditions of ventilation on ac- 
count of an adjacent engine, or other sources of heat, the 
thermometer for measuring the air temperature should be 
placed so as fairly to indicate the temperature which the 
machine would have if it were idle, in order that the rise of 
temperature determined shall be that caused by the opera- 
tion of the machine. 

" The temperature should be measured after a run of 
sufficient duration to reach practical constancy. This is 
usually from 6 to 1 8 hours, according to the size and con- 
struction of the apparatus. It is permissible, however, to 
shorten the time of the test by running a lesser time on an 
overload in current and voltage, then reducing the load to 
normal, and maintaining it thus until the temperature has 
become constant. 

" In apparatus intended for intermittent service, as rail- 
way motors, starting rheostats, etc., the rise of temperature 
should be measured after a shorter time, depending upon 
the nature of the service, and should be specified. 

** In apparatus built for conditions of limited space, as 
railway motors, a higher rise of temperature must be 
allowed. 

" In electrical conductors, the rise of temperature should 
be determined by their increase of lesistance. For this 
purpose the resistance may be measured either by galva- 
nometer test or by drop-of-potential method. A temperature 
coefficient of 0.4 per cent per degree C. may be assumed 
for copper. Temperature elevations measured in this way 
are usually in excess of temperature elevations measured 
by thermometers. 
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" It is recommended that the following maximum values 
of temperature elevation should not be exceeded : — 

COMMUTATING MACHINES. 

Field and aimature by resistance, 50° C. 

Commutator and brushes by thennometer, 55° C. 

Bearings and other parts of machine, by thermometer, 40° C. 

" WTiere a thermometer, applied to a coil or winding, in- 
dicates a higher temperature eIe\-ation than that shown by 
resistance measurement, the thermometer indication should 
be accepted. In using the thermometer, care should be 
taken so to protect it.s bulb as ti) prevent radiation from it, 
and, at the same time, not to interfere seriously with the 
normal radiation from the part to which it is applied. 

'■ In the case of apparatus intended for intermittent ser- 
vice, the temperature elevation, which is attained at the end 
of the period corresponding to 
the term of full load, should 
not e.xceed 50° C. by resistance 
in electric circuits. In the case 
of railtt-ay, crane, and elevator 
motors, the conditions of ser- 
vice are necessarily so varied 
that no specific period corre- 
sponding to the full-load term 
can be stated." 
'■ "' The manner in which temper- 

ature elevation is affected by size of load and duration of 
full load is shown in Figs. 20 and 21. The temperature 
of stationary surfaces rises about 80° when radiating one 
watt per square inch. The rise is but i $° to 20" when the 
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surface is rotating at 3,000 feet per minute in such a 
manner as the surface of an armature rotates, and amounts 
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to but 10° to 12° at a sjieeci of 6,500 feet jicr minute. 
Within limits, the ratio uf Hkc of temperature tc) radiation 
per unit surface is linear. 

36. Definitions Concerning Armature Windings. — In 

some dynamos the inductors and commutator segments are 
not all electrically connected with each other. In such 
cases the winding is called an opiit-coil xvinding. l"liis 
definition must not be made to include the double or mul- 
tiple windings to be described later, where two or more 
closed-coil windings on the .same core are not electrically 
connected to one another. Fig. 22 shows a primitive open- 
coil winding. In this type only those inductors on whose 
commutator bars the brushes may for the moment be rest- 
ing are in series with the external circuit. All the other 
inductors are cut out and idle. 

Open-coil windings are used chiefly on arc-lighting dyna- 
mos, and will be further discussed in a following chap- 
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ter devoted to such machines. Closed-coil windings are 
much more generally used. In this case all the inductors 
are engaged all the time, save when short circuited at com- 
mutation, in adding E.M.F. to the circuit. Although there 
are many kinds of closed-coil windings, they are all alike 
in that the inductors form one or more endless circuits 
completely around the armature core. 

Before showing sitmo (if the many types of closed-CQil 
winding it will be well to define some of the terms used. 




By inductor is meant that part of the winding conductor 
which lies on the face of the armature that sweeps past 
the pole pieces, and is that part of the conductor in which 
E.M.F. is induced. In the following descriptions when 
one inductor is mentioned there may be in reality a num- 
ber of wires ; and, again, a loop said to be formed by two 
inductors may be a loop of many turns, but the connec- 
tions and placing would be the same as if actually there 
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were only one inductor. It simplifies the diagrams to 
treat the subject in this manner. 

That part of an armature winding which is electrically 
connected directly between two consecutive commutator 
segments is called a coil, 

A t7Vo-circHit winding is one in which the current, on 
entering the armature at one brush, finds two paths by 
which it reaches the other brush. Since a closed-coil 
winding is endless, there must invariably be two paths 
when two brushes are used. 

K four-circuit or multi-circuit winding is one in which 
the current finds four or more paths through the arma- 
ture. There arc at least two circuits for every pair of 
brushes used in collecting the current, unless the commu- 
tator bars are cross-connected, as in Fig. 25. 

If a winding is so arranged that one commutator bar 
under a brush carries all the current from one side of the 
armature to that brush, then the winding is said to be 
single. If, however, the windings are so arranged that 
two or more bars convey this current to the brush at once, 
or if the current is commutated at two or more points on 
the contact surface of the brush, then the winding is said 
to be double or multiple. Triple and quadruple windings 
are not infrequent on machines which carry very heavy 
currents. 

A singly-re-entrant winding is one in which, by successive 
angular advances, all the coils have been laid when an 
advance of 360° has been made. To be doubly-re-entrant 
wound the angular advance between successive coils, in the 
order of their winding, is doubled ; and the whole winding 
is not complete until the armature has been gone around, 
angularly, twice, i.e., through an advance of 720^ On the 



ARMATURES. 



47 



second time around the coils fill up the interstices left by 
the doubled pitch of the first round. Triply and quadmply 
rf-^n/ra«/ windings are used. In these the circuit passes 
around the armature three or four times. Any closed-coU 
winding, single or multiple, may be singly or multiply re- 
entrant, the re-entrancy being reckoned as great as that of 
any single winding on the armature. 

The two principal types of closed-coil armatures are 
the gramme or ring armature, and the drum. 

37- Ring-Armature Windiaga. — As the name implies, 
the ring-armature core consists of an annular ring around 
which the armature conductors are wound in a continuous 
spiral, or two or more separate but interleaved spirals in 
multiple windings. These are tapped off at equal inter- 
vals to the commutator bars. In ring armatures there is 
but one inductor per loop of wire, the return being on the 
inside of the ring where there is no magnetic flux. TTiis 
winding, though less generally used than the drum winding 
is simpler and much more easily illustrated, and will be 
treated first. 





Fig. 23 shows the simplest of all dynamo armature 
windings. It is a bipolar, singly-re-entrant, two-circuit, 
single winding. 

Fig. 24 shows a four-pole, four-circuit, singly-re-entrant. 
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single winding. The number of coils should be a multiple 
of the number of poles to electrically preserve a balance in 
the four branches or circuits. 

Fig. 2 5 is the same as Fig. 24 save that the commutator 
bars are cross-connected. The current that would flow 
out of two brushes in the previous case, now flows out of 
one brush. This form is seldom used, since it reduces by 
half the brush contact surface, and thus doubles the heat 
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loss in the transition of the current from the commutator 
to the brush. 

Fig. 26 shows a four-pole four-circuit singly-re-entrant, 
single winding, where only half as many bars are used as 
there are coils. A disadvantage is that coils of considerable 
difference of pressure are adjacent, thus increasing the 
difficulty of properly insulating them. Ordinarily, if it be 
desired to halve the number of bars, it is better to unite 
two adjacent coils in series, and treat them as one. But 
if the magnetic distribution be uniform, this method of 
connecting two coils that are in different parts of the field 
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in series averages up the inequalities and facilitates spark- 
less commutation. 

Fig. 27 shows a bipolar, two-circuit, singly-re-entrant, 
double winding. The advantages of the double winding 
are : the current is commutated 
at two points of the bearing-sur- 
face of the brush, and therefore is 
only half as heavy at any one point 
as when only a single winding is 
used ; and the successive bars of 
one winding are separated by the 
width of one bar plus two insula- 
tions, thus making the short cir- 
cuiting of a coil by dirt, arc, or 
injury very unlikely. 

In multipolar windings a distinc- 
tion is made between the "short- 
connection " and the " long-connection " 
short-connection type coils in adjacent fields are connected 
in series, while in the long-cotb- 
nection type coils twice as far 
apart are connected together. 

Fig. 28 shows a long-connec- 
tion, two-circuit, four-pole single 
winding. Here only slight dif- 
ferences of potential exist be- 
tween contiguous coils. 

Fig. 29 represents a ten-pole, 
long-connection, two-circuit, sin- 
gle winding. In these long-con- 
nection types, which are all more or less highly re-entrant, 
small mention is made of the re-entrancy. Strictly accord- 
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ing to definition, the winding in F 



,1 I 



ig. 29 IS re-entrant nine 
times. 

Fig 30 is a four- 
pole, short -connection, 
two-circuit, single wind- 
ing Besides the com- 
plication of the wind- 
ings, this form as well 
as all other short-con- 
nection windings, is 
open to the objection 
that the contiguous 
coils have, pcriodicaliy, 
the full E.M.F. of the 
machine between them, 
making heavy insulation necessar}'. 

Fig. 31 gives a four-pole, two-circuit double-wound 
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armature, and Fig. 32 gives a similar winding for a six- 
pole machine. 
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38. Dmm Armature Windings. — Windings for drum 
armatures are more varied and more complex than those 
for ring armatures, and are much harder to portray dia- 
grammatically. But few will be shown. 

The most simple of these windings is shown in Fig. 33. 
The diagram shows the drum and inductors in section, 
with the connections of the commutator end in full lines 
and those of the back (pulley) end in dotted lines. Those 
inductors marked with a + are supposed to carry a current 
in the direction from the observer into the paper, and 




those with a point are supposed to carry a current from 
the page to the observer. Those not marked are parts of 
coils short-circuited by the brushes. This winding was 
devised by von Hefner-Alteneck, and may be used on any 
bipolar armature having half as many commutator bars as 
slots, or, if it be smooth core, as many bars as coils. If n 
be the number of bars and 2« the number of slots, then 
the wire is started at bar i, passed back through slot i, 
across the pulley end to slot « (or sometimes « ± 2, in the 
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figure « = 8). It is then brought forward through slot «, 
and attached to bar 2. From bar 2 it passes back through 
slot 3, across the back end and forward through slot « + 2 
and connects to bar 3. Thus passing back through the 
odd-numbered slots and forward through the even-num- 
bered slots, H coils can be made to fill the 211 slots and 
each can be attached to its own commutator bars. 

Fig. 34 is very similar to the last, save that the wires 
are laid two layers deep, thus allowing the conductor that 
passed through slot i to return 
through slot « -I- I which is 
diametrically opposite. Both 
this winding and the last are 
classed as two-circuit single 
windings. 

In a bipolar machine a c/iord- 
■u'oiiiid drum armature is one in 
which the two inductors of one 
loop are appreciably less than 
" ^ I 1 80° apart, so that the wire at 

"*■ "■ the back end is a chord rather 

than a diameter of the circle of the drum. The advan- 
tages of this winding are that, on a given drum, it de- 
creases the total length of wire necessary to give a definite 
number of inductors, and that it reduces the bunching and 
overlapping of the wires at the pulley end of the drum. 
The disadvantage is that it is impossible to secure a per- 
fectly electrically balanced winding by this method. This 
objection dt)es not hold in the case of multipolar gene- 
rators, hence all multipolar drums are chord wound. 

In the following figures the numbered radial lines will 
represent armature inductors, the lines inside of them will 
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represent their connections to the commutator segments, 
and the lines outside of them will represent the cross 
connections between inductors at the pulley end. The 
brushes are placed in- 
side the commutator 
for convenience and 
clearness. 

Fig. 35 represents a 
six-circuit, single wind- 
ing with 80 inductors 
and 40 segments. In 
practice the inductors, 
instead of all lying be- 
side each other, would 
probably be wound one 
on top of another in ^ 

one slot. "" » 

Fig. 36 shows a rather simple single winding. Although 
it is four pole it is but 
two circuit, in which it 
resembles Fig. 37, which 
is, however, a triple wind- 
ing. 

Fig. 38 gives a six- 
pole, two circuit, double 
winding. 

In winding armatures, 
double or triple cotton in- 
sulated copper wire is 
generally used. Care 
"*■ *' must be taken to well in- 

sulate the wires, both from each other and from the core. 
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Many of these styles of winding create very complex 
masses of wire on the 
ends of the drum, and 
great care must be ex- 
ercised both in regard to 
insulating and fastening 
at these points, so that 
the movement of the 
wires under the influence 
of the " magnetic drag " 
maynot chafe the insu- 
lation and short-circuit 
the conductors. Mica is 
the best insulator, and is 
used where fiat sheets are needed ; but its great cost, and 
the difficulty of manipulating it, result in the extensive use 
of canvas, oiled paper, rubber tape, vulcanized fiber, and 
many patented manufac- 
tured insulators. Much 
rehance is placed upon 
the liberal use of japan 
and shellac, especially in 
conjunction with canvas. 
Where very large 
wires are used on the 
surface of an armature, 
eddy currents are set up 
in them by reason of one 
side of the wire being 
in a stronger field than "*■ *■ 

the other. To avoid this a number of smaller insulated 
wires are wound in parallel, to take the place of the larger 




ARMATURES. 



55 



one, or what is more economical of space, thin copper bars 
set edgewise take the place of the round wire. 

In the winding of multipolar armatures it is possible to 
wsie formed coils f which are wound on a separate collapsible 
forming block, and are afterward applied to the core. This 
method is advantageous in that better insulation can be as- 
sured, and damaged or burned-out coils can be replaced 
without disturbing all of the windings. Fig. 39 shows a 
General Electric Company's formed coil, and Fig. 40 some 
of the Crocker Wheeler coils. 




Fig. 39. 

All armatures, whether wound with wire, or formed coils, 
or shaped conductors, must be banded around to prevent 
dislodgement of the conductors under influence of cen- 
trifugal action. The wire used for this purpose is gener- 
ally of hard-drawn brass or of phospher bronze, and on 
railway motors of steel. It is wound over insulating strips 
forming a band of several turns. The completed turns 
are often sweated together with solder. 

Many manufacturers punch a small recess in each side 
of the teeth near the face. A strip of maple wood is fitted 
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into the recesses, and acts like a cover to the slot, firmly 
holding the windings in place, and presenting a neat a)>- 
]>earance. 

Figs. 41, 42, 43 show respectively a core, a partially 
wound, and a completed General Electric Company's arma. 
ture. Figs. 44 and 45 show small Westinghouse types. 
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Sg. Commutators. — The segments or bars of a commu- 
tator are always of drop-forged, or hard-drawn copper. 
The insulation between them is always of mica. There 
are various grades of mica ; and for insulating purposes the 
amber-colored mica, which must be free from iron, is to be 
preferred. Besides being a good insulator, amber mica has 
the additional advantage that it wears at the same rate as 
copper ; thus after long use it leaves neither elevations nor 
depressions on the commutator surface. 

In fastening the bars considerable ingenuity is displayed ; 
for they must not displace themselves with reference to 
the windings, neither must one bar lift so as to be above 
the level of its neighbors. If the latter occurs, then, when 
the bar comes under a bnish, it will lift it ; and as the 
high spot moves out from under the brush the contact is 
broken until the spring can reseat the brush. This causes 
excessive wear and destructive sparking. 

After a commutator has been for a time in use, it becomes 
grooved and pitted, a condition which causes further spark- 
ing and wear, and the commutator must be turned down 
again to a true surface. The design of a commutator 
should allow of g(xxl operation after it has been subjected 
to this treatment. 

Mechanical friction and the electrical losses that accom- 
pany commutation will raise the temperature of the com- 
mutator about 5° C. above that of the armature. To 
secure successful operation a commutator must be de- 
signed with a sufficient number of bars, so that the differ- 
ence of potential between two adjacent bars shall not 
exceed 10 volts. This would mean that a lOO-volt bi- 
polar machine should have at least 20 bars. The potential 
between the brushes or around /ia//iht commutator is 100 



6o DYNAMO ELECTRIC MACHINERY. 

volts, hence half the commutator must have lo bars. 
There is no general rule for the length of a commutator 
bar, but one may roughly say that there should be at least 
one inch per lOO amperes. 

Commutators should be designed so as to expose a suffi- 
cient area to radiate the heat which is communicated to 
them. Except in the case of some special commutators, 
which are supplied with cooling devices, at a peripheral 
speed of 2,500 feet per minute, the radiation of one watt 
per square inch of peripheral radiating surface will re- 
sult in a rise of temperature of 20° C. The permissible 
rise of 55° C, therefore, allows a radiation of 2.75 watts 
per square inch. The heat to be radiated is due to the fol- 
lowing causes : — 

a. Friction between the brushes and the commutator 

bars. This is equal to ( ) times the product of 

V 33*000 / * 

the following quantities : The radius of the commutator in 
feet, the speed in revolutions per minute, the coefficient 
of friction between the brushes and the commutator (0.3 
for carbon brushes and 0.25 for copper brushes), and the 
sum of the pressures of all the brushes upon the commuta- 
tor. This latter should amount to 1.25 lbs. per square inch 
of rubbing surface. Copper brushes permit 200 amperes 
per square inch of rubbing surface, and carbon brushes 
40 amperes. 

b. The contact resistance between the brushes and the 
commutator. As there is always a drop of about one volt 
at each point of contact, and as there is a drop at both the 
positive and negative terminals, the watts represented by 
these contact resistances are numerically equal to twice the 
current of the machine. 
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c. The energy represented in the sparking at the brushes 
and the heat due to waste currents in the short-circuited 
segments. These two losses cannot be accurately calcu- 
lated, but may be estimated as equal to about 6 per cent of 
the total commutator loss. 



ttlC* COllBl- 




Fig. 46 gives a broken-away view of a General Electric 
commutator, showing the methods of attachment and insu- 
lation. 



40. Collecting Devices. — These consist of the bnts/its, 
the brush holders, and the rockers. 

Brushes for high potential machines are of carbon. Car- 
bon against copper causes less wear than copper against cop- 
per, and further, the greater resistance of a carbon brush 
results in less sparking when it bridges two commutator bars 
than would the lower resistance of a copper brush. Com- 
bination brushes of carbon and copper are sometimes used. 
Carbon brushes are set at an angle generally, though some 
makers set them radially ; and in motors that must be re- 
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versed, as is the case with railroad and elevator motors, 
they are invariably set radially. A surface contact of one 
square inch per 40 amperes is usual for carbon brushes. 

On low-^TOtential machines copper brushes, set at an angle 
of 45° with the tangent to the commutator surface at the 
point of contact, are invariably used. This is because there 
is less natural tendency to spark on low voltages, and be- 
cause the resistance of carbon 
brushes would be too great a 
fraction of the whole resistance of 
I the circuit, and cause a wasteful 
drop of [wtential. Copper brushes 
must have their ends filed to give 
sufficient surface contact, and this 
is generally done with the aid of a/j^, illustrated in Fig. 47. 
The abrasion of carbon brushes is accomplished by means 
of glasspapcr. 

Brush holders should permit of a low-resistance contact 
between the brush and the leads, they should provide ad- 
justment as to position and tension of the brushes, and 
they should be arranged so that none of the springs shall 
get hot and lose temper while in performance of its duties. 
The tension on carbon brushes ^-aries from i to 10 lbs. per 
square inch of contact surface. The lower limit is to be 
found in large central station generators, and the higher 
limit in small machines and in motors which are subjected 
to frequent and sudden strains, as railway motors. The 
coefficient of friction between brush carbon and copjier 
varies from 0.28 to O.32. 

Figs. 48 and 49 jjlainly show a Crocker Wheeler rigging 
with parallel-motion brush holders. Fig. 50 shows a form 
of General Electric holder. 



ARMATURES. 




64 DYNAMO ELECTRIC MACHINERY. 

Rockers are rings or attachments carrying the brush 
holders, and they are mounted concentric with the com- 
mutator. They are made to give all the brushes of the 
machine, or sometimes all the positive brushes or all the 
n^;ative brushes at once, a motion around the axis, thus 
adjusting all brushes by one movement. Fig. 51 shows 
such a rocker. 

41. Shafts, Bearings, and Oilers. — Since armature 
shafts generally have high speeds, and almost always are 
subject to sudden large variations of load, the shafts, the 
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bearings, and the oiling facilities must be well deseed. 

Wiener gives the following approximate diameters of steel 

shafts for drum armatures : — 

For 100 tt-aiis I inch. 

For i/x>o watts 2 inches, 

For 10,000 watts 4 1 inches, 

all to be turned down at the bearings. 

It is necessary that the bearing-boxes be exactly in line, 
and a form of self-alignment bearing is frequently used. If 
undue wear in the bearings occur, the armature is apt to 
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sag till it strikes a pole piece, which will damage the arma- 
ture. Many machines use ordinary oil cups to secure 
lubrication, while others make use of some device, as is 
shown in Fig. 52. The shaft revolves in a cylindrical brass 
with a spherical enlargement at its middle which rests upon 
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a corresponding spherical bed of Babbit metal. This se- 
cures self-alignment. Two slots are cut radially in the 
brass, and allow two rings to rest upon the shaft. These 
rings are also of brass, and have an inside diameter slightly 
larger than the outside diameter of the brass cylinder. 
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The pillow block is hollowed away under these rings, the 
hollows serving as receptacles for the storage of oil. As the 




shaft revolves, the rings also revolve at such a rate as to 
carry a steady stream of oil up into the slots, thereby 
lubricating the bearing. 
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43. Parts of Field Magnets. — The parts of a dynamo, 
exclusive of the armature, which make up the magnetic 
circuit, bekmcr to the field magnets. Fig. 53 shows a con- 
ventional bipolar horse-shoe type with the parts plainly 
marked. The field cores are the iron centers in the tnag- 
netiziug coils. The yoke connects the cores together at 
one end while the other ends terminate in the pole pieces. 




one being a north magnetic pole, the other a south. The 
side of the pole piece embracing the armature is styled the 
paleface, and the latter's projecting edges are fittingly 
called the horns. Some dynamos have the magnetizing 
coils on the yoke, thus making the latter serve also as 
core. In different tj-pes different numbers of pieces pre- 
vail, thus all the parts (save the coils) might be cast in 
one piece or each might be made separately. 
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In multipolar machines the designation of the parts is 
somewhat different than in the case of bipolar machines. 
The particular designation often depends upon the manu- 
facturer. Fig. 54 gives the designation used by the 
Crocker Wheeler Company. 

43. Magnetic Material. — The materials used for field 
magnetic circuits are three, — cast iron, wrought iron, and 
cast steel. The selection of material for a given machine 
is governed by considerations of {a) weight, {b) first cost, 
{c) economy and satisfactory regulation when in operation. 

Cast iron has the great advantage of cheapness ; but it is 
poor magnetically, hence more weight and bulk must be 
employed to perform the same service as the magnetically 
superior wrought iron. It costs more in copper to magne- 
tize a cast-iron core, because more turns will be required, 
and each turn will be longer than if the core were of better 
material. 

Wrought iron is the best magnetic material available. 
It is used either in forgings, or in the form of plates 
punched from the sheet. In either form it is expensive ; but 
since less weight in a given machine is necessitated when 
this metal is used, it is often chosen where portability 
is required, as in the case of the marine dynamos, electric 
railroad motors, and particularly motors for automobiles. 

Cast steel is intermediate between cast iron and wrought 
iron, both in cost and in magnetic properties, and is much 
employed in good practice. The use of different metals in 
different parts of the frame is very general. For instance, 
a cast-iron yoke is used \vith cast-steel cores and pole 
pieces, or a cast-iron or steel yoke is used with wrought- 
iron cores and pole pieces. 
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44. Shape of Field Magnets There is a great vari- 
ety of shapes of field magnets. Formerly each manufac- 
turer had a type peculiarly his own, and this led to many 
forms, some of little merit. These freak types are now 
disappearing, and a few general types are adopted more or 
less by all makers. In all forms, however, the polar span^ 
or part of the armature circle that is covered by pole faces, 
is from 65 per cent to 75 per cent, or from 234® to 270°. 
In general a small number of poles in the field magnets re- 
quires less copper in the exciting coil than does a larger 
number, and also the fields can be excited more economi- 
cally. But in large bipolar machines successful operation 
under varying loads requires a large air gap between the 
pole face and the armature. This increases the magnetic 
reluctance and the energy necessary for excitation. Multi- 
polar machines do not require so large an air gap. Further- 
more, increasing the number of poles gives the mechanical 
advantage of allowing a lower armature speed without low- 
ering the potential of the output. Multipolar machines 
will run cooler than bipolars of the same economy of 
operation. 

Sp)eaking generally, though it is by no means a rule, 
bipolar fields are used up to about 10 k.w., four-pole fields 
from 10 K.w. to 100 K.W., six-pole fields from 100 k.w. to 
300 K.W., and beyond that point eight or more poles are 
generally used. 

45. Methods of Excitation of Fields. — Dynamos are 
classified according to the five methods of exciting the 
fields of the machine. They are: — the MagnetOy the 
Separately Excited, the Shunt Wound, the Series Wounds 
and the Compound Wound. 
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The magneto generator. Fig. 55, is one in which the 
field is a permanent steel magnet, generally of horse-shoe 
type. 

The separately excited dynamo, Fig. 56, has, as its 
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name implies, its field coils traversed by a current other 
than that produced by the machine. Alternating current 
machines are nearly always of this type. 

The shunt-wound machine. Fig. 57, has a large number 
of turns of fine wire wound on its core, and the ends are 
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connected to the terminals of the machine, thus being in 
s/iu>t( with the outside circuit. The ampere turns requisite 
for excitation are obtained by passing a small number of 
amperes through a large number of turns. 

The series-wound generator, Fig. 58, has all the cur- 
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rent that is produced by the armature passed through 
large conductors wound with fewer turns around the cores. 
The exciting coils are then in series with the external cir- 
cuit. The ampere, turns required for excitation are ob- 
tained by passing a large current through a small number 
of turns. 

The compound machine, Fig. 59, is one in which there 
are both shunt and series coils on the field magnets. This 
method of winding is used for purposes of regulation under 
varying loads, as will be explained later. Compound wind- 
ings are of two classes, the long shunt and the short shunt. 
In the former, the current used in the shunt windings is 
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also passed through the field windings along with the ma: 
current. In the latter, the current from the shunt coi 
passes directly back to the armature, avoiding the 
turns. Figs. 59 and 60 clearly show the two methods. 
The short shunt is generally preferred. 



46. Field Coils. — The coils of a dynamo must, without 
undue elevation of temperature, supply sufficient ampere 
turns to give the required excitation. This temperature 
rise will not be excessive when about 0.35 watt is radiated 
per square inch of outer surface of the coil. If no account 
be taken of the ends of the pole and coil, 0,6 watt may be 
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allowed per square inch. The field coils have no ventila- 
tion due to their own motion as have armatures, hence 
about looo circular mils per ampere must be allowed in 
the wire which composes such coils. The cost of copper 
is needlessly increased, if more than the necessary cross- 
section be allowed. 




Field coils are usually wintnd on brass or iron spools, 
shaped to .slip over the cores. Sometimes, especially in the 
case of small machines, the coils are wound on frames, 
which can be collapsed and remo\'ed. The coils of series 
machines and the series coils of compound machines are 
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often wound with copper ribbon instead of wire, or are even 
made up of forged copper conductors, having a rectangular 
cross-sectioa This is because the heavy currents require 
such large cross-section of conductor that if made of wire 
much space would be lost between the wires. The rear 
coil in Fig. 6i is a series coil of shaped conductors. This 
figure shows both the shunt and the series coil, as wound 
by the Westinghouse Company, for a compound multijwlar 
raiH'ay generator. The binding which is seen on the shunt 
coils in both illustrations should not be mistaken for the 
wires of these coils. Field coils are wound with double 
cotton-covered copper wire. Further insulation between 
coil and core, and between series and shunt coils, is effected 
by the use of fiber, fuller board, and mica. 

47. Magnetic Leakage. — Since air is not an insulator 
of magnetism, but is simply much less permeable than 
iron, it is evident that some of 
the lines of force generated by 
the field coils will not follow 
around the desired path through 
pole pieces and armature, but will 
take a path through the air and 
be of no utility in creating E.M.F. 
in the revolving armature. Fig. 
62 roughly represents some of 
the paths such lines may take. 

If ^, be the total fiux caused by the field coils and *, be 
the flux that passes through the armature, then the coeffi- 
cient of magnetic leakage, 
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and is always greater than unity. 



74 



DYNAMO ELECTRIC MACHINERY. 



In practice X varies from 1.25 to 1.4 in single horse- 
shoe fields, and in the Edison type of inverted horse-shoe 
and in double horse-shoe fields it varies from 1,5 to 1.75. 
In multipolar machines /. varies from i.i to 1.5. 

To find the coefficient of magnetic leakage of small or 
moderate sized machines proceed as follows : — 

Arrange the field-coils for separate excitation by a cur- 
rent that can be conveniently commutated. Suppose the 
machine to have a field of the double horse-shoe type, as in 
Fig. 63. Take a few turns of fine insulated wire about 
the middle of one coil, as c, d, and connect the ends to a 
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ballistic galvanometer of kiw sensioility. A low-reading 
Weston voltmeter will answer. Suddenly commutate 
the current in the field coils. The change in direction of the 
flux in the core, from -t- ^ to — ^, will induce E.M.F. in the 
test coil, which will give a throw to the voltmeter needle. 
The dofiection is directly proportional to the flux in the 
core. Repeal with the other coil, and the sum of the de- 
flections obtained from cd and (/ is directly proportional 
to the total flux produced 4,,. Now make a test coil of the 
same number of turns and of the same resistance about 
the armature, in such a position ab that it includes the area 
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of the armature that is cut by the greatest number of lines 
of force. Upon commutating tY e current a throw of the 
needle will result, which is propcjtional to the flux in the 
armature <^„. Hence the coefficient of magnetic leakage, 

.__ ^ _ defl. at Ci/ 4- defl. at e/ 
<f>a deflection at armature ' 

The exciting current must remain constant during the 
investigation. 

The location of the different leakage paths may be found 
by using test coils on different parts of the frame. The 
difference between the throws observed at any two places 
is a measure of the leakage between those two places. 

Clearly the number of lines choosing paths through the 
air will decrease as the permeability of the iron circuit 
increases. An increase in the reluctance of the main 
magnetic circuit will increase the leakage loss. 

Armature cores vary in permeability under varying con- 
ditions of load. As the load increases, this change pro- 
duces an increase in the reluctance of the main magnetic 
circuit. This results in an increase of the loss by leakage. 
The coefficient of magnetic leakage is, therefore, different 
with different loads. 

48. Pole Pieces and Shoes. — In general practice the 
field cores and the frame of a generator are worked at a 
flux density of at least 1 5,000 lines per sq. cm. 

This is too high a value to use in the air gap. Therefore 
pole shoes are put on the ends of the pole pieces to dis- 
tribute this flux over a wider area where it has to pass 
through the air, and to thus decrease the total reluctance 
of the magnetic circuit. 
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49. Effect of Joints in the Magnetic Circuit. — Since no 
two pieces of metal can be put together with a perfect 
joint, there is always an increase of reluctance in a mag- 
netic circuit when a joint is introduced therein. Professor 
Ewing found by experiment that at low magnetizations 
(3C = 7.5) the increase of reluctance of a certain bar of 
iron due to a joint was above 20 per cent, and that for 
high magnetizations (3C = 70) the loss due to one joint was 
less than 5 per cent. The difference is probably due to 
the fact that the pieces under strong magnetizations attract 
themselves so powerfully as to make a more perfect joint. 
Ewing also found that a single cut in a bar acted upon the 
reluctance of the bar as though the length of the bar had 
been increased by amounts given in the following table : — 



For3C= 7.5 15 30 50 70 

Equivalent length of 1 cut 

in cms. of iron . . . 4 2.53 i.io 0.43 0.22 
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50. Process of Commntatioii. — The simple process of 
(.'ommiitatiun as described in § 30 is attended with some 
diflrculttes in practice. Consider one coil of a plain ring 
armature with the commutator bars attached thereto as in 
Fig. 64. In position A, when the brush is on only one of 
the bars in question, the action of the other coils of the 
armature will be to force current in this one coil in the 
direction indicated by the arrow. B is considered to be 





the positive brush. In position D, when the brush has 
passed over to the other bar entirely, the direction of the 
current in this coil is in the other direction. Now this 
change of direction must occur when the coil is in a weak 
field, for it is observed that the coil is short circuited while 
in position C, the circuit being completed through the coil, 
the bars and the brush spanning the mica insulation at o. 
If now at this moment the coil should be in a strong field, 
and should be cutting many lines of force, too large an 
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E,M,F. would be produced, and as the resistance of the 
circuit indicated is very low, an excessively strong current 
might flow. When the brush slips past o the circuit is 
broken, and a more or less serious sparking occurs accord- 
ing to the strength of the current flowing at the instant of 
break. Commutation must then be effected when the coil 
is in such a position as not to cut many lines of force. It 
follows that every commutating machine must have at 
least two places where the effective field has a zero value. 
Fig. 65 gives a rectified curve of the magnetic distribution 
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Pig. 65. 

under the pole pieces and around the armature of a well- 
designed bipolar machine, the ordinates of the curve giving 
the flux density in the air gap. 

The neutral plane is a plane passed through the axis of 
the armature and a point in the field immediately surround- 
ing the armature, where the inductively effective com- 
ponent has a zero value. The coil in position C, Fig. 64 
is supposed to be in the neutral plane. 

The commutating plane is a plane passed through the axis 
of the armature and through the points of contact of the 
brushes. The segments are supposed to be connected with 
parts of the armature windings lying on the same radius. 
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51. Influence of Self -Induction of the Commutated 
Coil. — When the coil in Fig. 64 is in position A the cur- 
rent flowing in it produces magnetic flux in the ring inde- 
pendent of any inductive action of the field magnets of the 
dynamo, and links the flux with itself. When the coil is 
in position /?, there is also a magnetic flux and linkage, but 
its direction has been changed. Therefore, in passing 
through the position C, the current in the coil and the 
accompanying flux linked with the coil have decreased to 
zero, and have afterwards risen in value in the opposite 
direction. 

T/iis change of flux produces an E.M,F. in the coil inde- 
pendent of any action of the field magnets (see § 15). This 
E.M.F, is called an electromotive force of self-induction and 
tends to continue the flow of a current which has been 
started, and tends to prevent any increase or decrease in 
the strength of the current and to prevent the stopping or 
starting of the current. The value of this self-induced 
pressure with a given flow of current varies as the square 
of the number of turns in the coil, as the cross-section of 
the coil, and as the permeance of the magnetic circuit. 
Because of self-induction it is evident that, if commutation 
take place in the neutral plane, there is a liability that it 
will be accompanied by excessive currents in the short-cir- 
cuited coils and consequently by sparking. This trouble 
is to be avoided by revolving the plane of commutation 
about the shaft of the machine until a sufficiently strong 
field acts upon the short-circuited coil to induce an opposing 
E,M,F, of the same value as the E.M.F. of self-induction. 
Both the self4nduced E.M.F. and the E.M.F. due to the 
rotation of the armature vary in magnitude during the 
time that a brush is upon two adjacent segments. Their 
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manners of variation need not 
be impossible in some cases 
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mature core. The poles thii 
plane of commutation. Fig. 
effect of the armature turns 
on a ring armature. Fig. 
67 shows a cross-section of 
a drum armature and its 
windings with the resulting 
magnetization. 

Thus, when there is a 
load on a dynamo and the 
armature conductors are 
carrying a heavy current, 
there are two coexistent 
magnetic fields. This condit; 
the lines of force, as is shi 
are skewed the neutral plant 



be alike, and hence it may 
to effectively oppose one 
against the other. The 
obvious remedy is to be 
sought in more com- 
mutator segments or a 
change of shape of [xile 
shoe. 



52. Cross-Hagnetiz- 
Ing Effect of Armature 
Currents. — Indepen- 
dent of field magnets 
the current flowing in 
the armature conductor 
will magnetize the ar- 
s produced will be in the 
66 shows the magnetizing 




ion results in a skewing of 
I in Fig. 68. As the lines 
shifted. To produce spark- 
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less commutation the commutating plane must also be 
shifted. This causes a further skewing of the lines. The 
limit of this double interdependent shifting is reached 
when the magnetic lines have 
become so crowded in the 
trailing-pole tips that they are 
almost insensible to a further 
shifting of the plane of com- 
mutation. 

This skewing is a source of loss in the operation of a 
generator because it increases the magnetic reluctance in 
two ways, — (a) by saturating the iron at the horns, and 
thus reducing the permeability, and (d) by lengthening the 
paths, both in air and in iron, that the lines must follow. 

Fig. 69 shows a 
curve similar to Fig. 
65 taken when the gen- 
erator was under load 
and the armature was 
traversed by a heavy 
current, the flux being 
distorted because of it. 
It is evident that the 
angular displacement of 
the neutral plane depends in magnitude upon the relative 
number of armature ampere turns as compared with the ef- 
fective field ampere turns. The use of a strong field and a 
large air-gap length requires a large number of field ampere 
turns. Both are much used in practice with great success. 
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53. Demagnetizing Effect of Armature Currents. — It 
has been shown that it is necessary to have the commu- 
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tating plane in advance of the neutral plane. The angle 
between them is called the angle of lag or lead. If an 
axial plane be passed through the armature, making with 
the neutral plane an angle equal to the angle of lag or lead, 
but on the opposite side of the neutral plane from the com- 
mutating plane, then the angular space between this plane 
and the commutating plane is called the double angle of 
lag or lead. The armature conductors, which create a 
magnetism that tends to skew the lines of the field magnets 
as shown in the last article, are called the cross turns. 




They lie outside the double angle of lead. Those armature 
conductors which lie within the double angle of lead are 
called the back turns, because, when carrying a current, 
their magnetic tendency is to send lines in a direction 
exactly opposite to the lines of the field magnets. They 
neutralize in a certain measure the action of the field turns. 
This action i.s clearer shown in Fig. yo, which b a cross- 
section of a bipolar drum armature. At a there b a north 
pole due to the back turns which lie in the double angle, 
and at b there is the corresponding south pole. The effect 
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of these poles is to neutralize some of the useful magnetic 
lines flowing from N to S. At c there is a south pole 
due to the remaining or cross armature turns and at d is 
the corresponding north pole. These poles skew the lines 
flowing from N to S. Compensation for back turns is 
easily calculated, since the number of back turns times 
the current in them at any load multiplied by the coeffi- 
cient of magnetic leakage at that load (§ 47) gives the 
number of additional field ampere turns necessary at that 
load for compensation. 



54. Sparking. — As shown in § 51, sparking can be 
avoided by giving the brushes a lead sufficient to bring the 
coils they short circuit into fields sufficiently strong to coun- 
teract the effects of self-induction. Sparking in the opera- 
tion of machines is generally due to the misplacement of the 
brushes, though sometimes it is due to irregularities of the 
commutator surface. A high bar passing from under a 
brush will leave the latter suspended in air a moment, which 
will break the whole current through 
the l»iish and cause a bad spark or 
arc. 

A machine may also suffer melting 
of the commutator bars without any 
visible sparking. Suppose a coil of 
low resistance to be short circuited 
by a copper brush as in Fig. 71. 
When the brush is chiefly on one 
bar, and over-laps the other very 
sightly, then a very considerable part of the resistance in 
the circuit is the transition resistance at the small contact. 
Under an E.M.F. of self-induction a current of sufficient 
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magnitude may flow to produce enough heat in the trans- 
ition resistance to melt tlie surface of the commutator bar. 
The E.M.F. may then disappear before the brush leaves 
the bar, and there will be no spark visible. 

Sparking may be due to excessive electromotive force 
between the commutator segments undergoing commuta- 
tion due to the self-induction of the coil and to mutual 
induction between it and other coils undergoing commuta- 
tion at the same time. To be able to determine the value 
of this induced E.M.F. one must know both the self and 
mutual inductances, and the time rate of suppression of the 
current in the coil. Parshall and Hobart state that in 
practice one may assume that a coil of a single turn when 
traversed by one ampere produces and links with itself 
20 c.g.s. lines per inch net length of armature lamination. 
From this datum one can calculate the \'alues of the self- 
inductance and mutual inductance. 

A coil which is undergoing commutation must have its 
current changed from a ma.\imum value in one direction to 
zero and from zero to a maximum value in the other direc- 
tion during the time that the two s^ments at its ends are 
connected through the brush. This time is evidently 
dependent upon the peripheral speed of the commutator 
and upon the width of the brush. It is equal to the time 
that it takes a point of the insulation between the seg- 
ments to pass over the breadth of the brush ; that is, the 
time in seconds is equal to the breadth of the brush in 
inches divided by the peripheral velocity of the commutator 
in inches per second. The reciprocal of this time gives the 
number of commutations per second, or what is termed 
the frequency of commutation. The frequencies found in 
practice lie between 200 and 500 per second. While all 
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the current which traverses the coil is suppressed in one- 
half the time taken for commutation, the manner of its 
variation is unknown. Parshall and Hobart assume that 
the current strength falls sinusoidally. An assumption of 
a uniform decrease with the time yields results quite in 
accord with practice. The value of the induced voltage 
then will be equal to the product of the value of the com- 
mutated current and the sum of the mutual and self-induc- 
tance divided by oncrhalf the time occupied in completing 
commutation. This value should not exceed 6 volts. 

55. Prevention of Sparking The limit of the capacity 

of a machine may be excessive sparking instead of exces- 
sive heating, and therefore the suppression of sparking by 
proper design of the machine is of utmost importance. 

Sparking may be prevented : — 

a. By shifting the brushes till the short-circuited coil 
is just under the fringe of the pole piece. This counter- 
acts the effects of self-induction as explained in § 51. The 
reversal of the direction of flux in any but the short-cir- 
cuited coils is to be avoided, since a loss of useful E,M.F. 
would then occur. 

b. By having a stiff field, that is, a field so strong as to 
suffer very little skewing because of the armature cross 
turns. There is then no lag. In practice, air-gap magnetic 
densities vary from 2500 to 7500 lines per square centimeter. 
The higher densities are to be found in the larger machines. 
There is a general tendency to increase the density. 

c. By nearly saturating the teeth of the armature core. 
When the core teeth are nearly saturated, an increase of 
load increases the reluctance very markedly, and the demag- 
netizing effect of the back turns is restrained on increase 
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of load, because of the greater reluctance of the circuit. 
This minimizes the shift of the commutating plane from no 
load to full load, and is a device invariably employed on 
railway generators and other machines that have to stand 
severe changes of load without change of position of 



d. By using brushes of carbon, brass gauze, etc. In 
machines of over lOo volts, carbon brushes are commonly 
used. Besides their good wearing qualities, their resistance 
prevents the flow of a large current in the short-circuited 
coil in commutation, and thus a misplacement of the 
brushes will not result in so violent a spark. In very low- 
potential machines, as has already been said, carbon brushes 
are impracticable, because their resistance causes a too 
great fall of potential. So in thes"- machines copper strip 
brushes are employed when possible. When too much 
sparking occurs with plain copper brushes, a brush of some- 
what greater resistance is employed, such as copper gauze, 
brass, brass gauze, etc., according to the requirements of 
the case. 

e. By slotting the pole pieces longitudinally. This in- 
creases the reluctance offered to the lines due to armature 
reactions, and so tends to prevent sparking. 

f. By properly shaping the pole pieces. The distribu- 
tion of flux should be such that a coil enters a weak field 
first, and so gradually comes to the strongest part. If the 
lines of force are allowed to crowd into the trailing-pole 
tips, this gradual transition is impossible. If the horns are 
farther from the armature surface than the body of the 
pole face, then the air gap and consequently the reluctance 
at the horns is increased, and the lines are compelled to 
distribute themselves more symmetrically. A place suit- 
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able for commutation is then more readily found. One 
may also resort to the shaping of the pole pieces by champ- 
fering the corners, or by making the pole faces with a cir- 
cle of greater radius than the armature, 

. The Sprague Electric Company, in its split-pole type of 
the Lundell generator, avoids the distortion of the field 
under full load, due to cross magnetizing turns, by making 
use of a specially designed pole piece. Fig. 72 repre- 
sents a cross-section of this generator, and shows the con- 
struction of the pole piece. The magnetic flux which 
enters the pole piece, divides between the two paths a and 
b. Owing, however, to the greater span covered by the 
shoe belonging to j:he part marked b, the magnetic reluc- 
tance of that part is much smaller than that of the part 
marked a. As a result, the flux does not divide itself 
equally between the two paths. The part of the pole piece 
marked b, under increasing excitation becomes saturated 
before the part marked a. At normal excitation, the flux 
density at * is above 16,000 lines per square centimeter, 
while the flux density in a is but about 10,000 lines per 
square centimeter. In other words, b is pretty well satu- 
rated, while a has not been brought to a magnetization as 
high as the knee of the magnetization curve. This satura- 
tion of half of the pole piece is effective in preventing a 
skewing of the field by the cross turns. This is shown in 
Figs. 73 and 74, where Fig. 73 represents the development 
of a 50 kilo-watt Lundell generator, and Fig. 74 shows the 
distribution of flux along the line xy of Fig. 73. The 
dotted line represents the distribution at no load, and the 
heavy line the distribution at full load. This small dis- 
torting effect of the cross turns permits the employment of 
a small air gap without serious sparking. 
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Ryan compensates for the magnetizing effects of the 
armature winding by surrounding the armature with a sta- 
tionary winding, which passes through perforations in the 
pole faces. These stationary windings carry the whole 
current of the machine. This method prevents al) spark- 
ing due to the distortion of the field, but it does not pre- 
vent the sparking which is due to self-induction and mutual 
induction of the armature coils. The latter sparking is 
prevented to a certain extent by inserting a lug between 
the pole horns, which is magnetized by a few series turns. 



56. Energy Losses in Operation. — Besides the energy 
expended in exciting the field coils, there are losses of 
energy in the armature and connections, as follows : — 

a. The bearing friction and the windage. This loss is 
generally considered independent of load, but it is ques- 
tionable whether the friction does not increase somewhat 
under loads. This loss is from 1 5 per cent to 40 per cent 
of the total loss. 

b. The hysteresis loss in the iron of the core due to the 
continued reversal of the direction of magnetism therein. 
According to Steinmetz's Law, the hysteresis loss in watts, 
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where I'' is the volume of iron in cubic centimeters, (B the 
flux density, « the number of magnetic reversals per sec- 
ond, and ij a constant depending in value upon the char- 
acter of the iron. A table of values is given on page 29. 
The value of (B varies at different loads and at different 
places, as was shown by Goldsborough, so this loss cannot 
be said to be proportional to the speed or any power of 
the voltage. The hysteresis loss is from 1 5 per cent to 
40 per cent of the total losses. 

c. Eddy currents in the iron and the copper conductors. 
These might be expected to vary as the square of the 
speed, but they do not for the same reason as in b. Be- 
cause of the laminated structure of the core, and the 
slight angular breadth of the conductors, this eddy loss is 
of small magnitude, from 2 per cent to 10 per cent of the 
losses. It may amount to 50 per cent of the losses in 
the case of smooth-core armatures. Eddy currents in the 
pole faces, which may be due to any variation in the re- 
luctance encountered by the lines passing through the 
poles, are reduced by an increase of air-gap length. They 
are greatest with armature cores having slots with large 
openings at the top, and least with armatures whose in- 
ductors are threaded through inclosed channels in the core. 

d. The armature resistance loss. This equals I^R, where 
/is the total current of the machine, and R the resistance 
of the armature measured between points rubbed by the 
brushes which are drawing the current /. This is ex- 
clusive of the transition resistance at the brushes. In 
500 K. \v. machines the I^R loss is about 2 per cent of the 
total output. In 5 K. w. machines about 4 per cent, and 
in smaller machines much greater. 

e. The friction of the brushes against the commutator. 
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This loss varies about as the speed, and its importance is 
generally underestimated. Carbon brushes press upon the 
commutator with a force of from i to 12 pounds per 
square inch of contact. Railway motors and similar ma- 
chines have the larger value, while central-station gene- 
rators have the smaller. The coefficient of friction between 
carbon and copper varies from 0.28 to 0.32. 

/. The resistance of the brushes and the transition re- 
sistance of the brush contacts. The first loss varies as 
the square of the current, and is of considerable magni- 
tude in low-potential machines. The transition resistance 
seems to vary inversely as the current, thereby always 
causing a constant drop of voltage amounting to from 1 
to 1.5 volts per transition. 

The heat produced by losses b, c, and d, being in the 
armature itself, must be dissipated by the conduction, con- 
vection, and radiation. Experience shows that from 2 to 
2i watts can be radiated from every square inch of arma- 
ture surface without causing a dangerous rise of tempera- 
ture in the armature core. It is found that about 500 
circular mils per ampere in the armature conductors brings 
the loss d to such a point that, added to the losses c and 
b, they together give about 2 watts per square inch of 
armature surface ; hence this value of 50*0 circular mils per 
ampere is the mean of what is usually adhered to in winding 
armatures of commercial machines. 
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CHAPTER VI. 

EFFICIENCY OF OPERATION. 

57, Efficiency. — The following definition and discussion 
of efficiency is taken from the report of the committee on 
standardization of the American Institute of Electrical En- 
gineers : — 

The "efficiency" of an apparatus is the ratio of its net 
power output to its gross power input. 

Electric power should be measured at the terminals of 
the apparatus. 

Mechanical power in machines should be measured at 
the pulley, gearing, coupling, etc., thus excluding the loss 
of power in said pulley, gearing, or coupling, but including 
the bearing friction and windage. The magnitude of bear- 
ing friction and windage may be considered as independent 
of the kad. The loss of power in the belt, and the in- 
crease of bearing friction due to beh tension, should be 
excluded. Where, howe\er, a machine is mounted upon 
the shaft of a prime mover, in such a manner that it cannot 
be sejKirated therefrom, the frictional losses in bearings 
and in wintlage which ought, by definition, to be included in 
determining the efficiency, should be excluded, owing to the 
practical im|X)ssibility of determining them satisfactorily. 
The brush friction, however, should be included. 

Where a machine has auxiliary apparatus, such as an ex- 
citer, the power lost in the auxiliary apparatus should not 
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be charged to the machine, but to the plant consisting of 
machine and auxiliary apparatus taken together. The 
plant efficiency in such cases should be distinguished from 
the machine efficiency. 

The efficiency may be determined by measuring all the 
losses individually, and adding their sum to the output to 
derive the input, or subtracting their sum from the input 
to derive the output. All losses should be measured at, or 
reduced to, the temperature assumed in continuous opera- 
tion, or in operation under conditions specified. 

58. Coefficient of ConversiOD. — This has sometimes 
been called the efficiency of conversion, but because of the 
definition of the last paragraph it is better not to use the 
word efficiency. The coefficient of conversion p is the ratio 
of the total electrical energy developed in the armature 
winding to the total mechanical energy expended. 

where P is the power expended in watts, /, the armature 
current in amperes, and E, the E.M.F. in volts, developed in 
the armature, p is always less than unity, because of the 
friction and windage of the armature, because of the eddy 
currents in the core and conductors, and because of the 
hysteresis of the core. 

59. Economic Coefficient. — (7) This coefficient is equal to 
the ratio of the useful electrical energy to the total electri- 
cal energy developed in the armature circuit. It is always 
less than unity because of the necessary loss of energy in 
the exciting coils and in the armature coils. In the case 
of a series dynamo, if we let 
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Et= E.M.F, generated in volts, and 
E = Terminal pressure in volts, then the economic coef- 
ficient for a current of / amperes is 



IE E 

For shunt dynamos, 



"^ IE, E, 



IE 



Where / is the current in the outside circuit, 7^ the current 
in the field coils, E the pressure at the terminals of the 
machine, and E, the total pressure generated. 

The efficiency of a machine c is evidently the pr6duct of 
p and tf. 

For a series machine, I — I, and 

I,E, ^ E IE 

For a shunt machine, I -\- 1^= I^^ and 

I,E, IE IE 



€ 



= Pv=-~ X 



/> (I-^I,)E, P 

Hence the product of fi and i\ for either machine is the 
same, and corresponds to the definition of efficiency. 

60. Separately Excited Dynamos. — At a constant speed 
and constant exciting current a nearly constant total pres- 
sure (£",) is generated ; and it is almost equal to the pressure 
at the terminals at no load — that is, on open circuit. This 
follows from the equation for the average pressure, 

V 
where — - is the number of revolutions per second, 5 the 
60 

number of inductors, <^ the flux per pair of poles, and/ the 
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number of pairs of poles. If the speed be varied, the pres- 
sure will vary proportionally if no load is on the machine. 
If, however, a current be taken off, then the demagnetizing 
effects of the armature currents become evident in a 
change of the value of <^, and there will be a falling off of 
pressure. The amount of this deviation is dependent upon 
the composition and saturation of the magnetic circuit. 
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This effect is clearly seen in the curve in Fig. 75, where 
the armature currents are measured in the X direction, and 
the pressure in the Y direction, the conditions of speed and 
exciting current remaining constant. 

Let E^ = the total volts produced, 

E = the volts at the terminals of the machine, 
R^ = the resistance of the armature, 
R = the resistance of the external circuit, and 
/ ss the current under these conditions. 
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Then for a separately excited machine, 
E, = TiR + R^, 
E = IS. and 

EI I*R R 



In determining the efficiency of a separately excited 
machine the energy lost in the exciting coils must be 
charged against the coefficient of conversion. 

The operation of any dynamo can best be studied by in- 
spection of a curve which shows the relation existing be- 
tween the current generated or supplied by the machine, 
and the voltage under which it operated. Such curves 
are called Characteristic Cnn^es, and they are generally 
plotted with currents for abscissae and volts for ordinales. 
The characteristic curve for a separately excited dynamo 
is that shown in Fig. 75. 

61. Magnetos. ^ A separately excited dynamo whose 
field is maintained by a permanent magnet, instead of an 
electric magnet, is called a magneto. These machines 
from their similarity, both theoretically and practically, 
should be mentioned together. Magnetos are, however, 
generally alternating current machines with slip rings in- 
stead of commutators. They are used in very great num- 
bers in telephone subscribers' sets, and in many electrical 
businesses f<)r testing out the continuity of concealed con- 
ductors, and ill some cases for determining defective 
insulation. To the armature is affixed a pinion, meshing 
with a gear turned by hand. The alternating current pro- 
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duced b passed through the circuit whose continuity it is 
desired to determine, and then passes through a polarized 
bell which is caused to ring 
These machines are manufac- 
tured so as to ring through 
an external resistance of as 
high as 50,000 ohms without 
undue effort at the handle. 
The cut Fig. 76 shows a com- 
mercial belt -driven magneto. 

62. Series Dynamos. — 
Letting E, E„ R, R^ and / 
have the same significance as 
before, represent by Ay the 
resistance of the field winding, and by R^ the resistance 
of the brushes and transition contacts. Then 




E. = HIi + Ii,+ Ii, + R,), 



whence it follows 



'' £.1 /■ (ji + n^ + R^^ n^) R + J{^+ R^ + x^ 

The value of 1; increases as R„ R,„ and R/ approach zero. 
R^ is liable to be of greater importance than is imagined. 
In low-tension machines all the resistances are small, and 
care must be taken that .^1, does not unduly increase the 
denominator of the expression for -q ; in other words, cop- 
per brushes should be used on low-voltage machines. 

The value of tj varies as R, but the load varies in- 
versely as R ; hence 7 is a maximum when the load is a 
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minimum, and 7 = 1 when R = 00, or there is no load. 
Fig. 77 is a curve showing relation between ^ and load. 



63. Characteristic Curve of a Series Machine. — Fig. 
78 shows the curves of a series dynamo. The curve of 
total volts E, is very similar to the magnetization of a 
magnetic circuit made 
up of iron chiefly. It 
falls below such a 
curve (a) because 
saturation causes in- 
creasedmagnetic leak- 
age, and hence the 
value of ^ in the 

.. „ VS^p 

equationia, = r; — —5 
^ 60 lO" 

is not proportional to 

"*■ ''■ the total flux, and 

(b) because of the demagnetizing and cross magnetizing 

effects of the armature currents. The curve E, starts 

above zero because of the residual magnetism in the cores 

of the field magnets. If operated under constant load, a 
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series dynamo will give E, directly proportional to the 
speed. 

The straight line represents the loss or drop of potential 
due to the resistances of the machine, /?„ ^t. and R^ 
Since drop of potential is proportional to the resistance, 
this is a straight line, and must pass through the origin. 
This loss line can be established by a point found by as- 
suming the lost volts El and solving for the current I from 
the equation I (R^ + Rj + R^) = E^ For example, if the 
resistances R^ + Rj+R/ be assumed as 0.2 ohm, then 10 
volts would he lost in them only when 50 amperes were 
flowing through them. A line drawn through the origin, 
and a point on the characteristic curve diagram whose 
coordinates were ro volts and 50 amperes, would at every 
point give the volts lost in sending the corresponding num- 
ber of amperes. 

The curve E showing the E.M.F. at the terminals of 
the machine as a function of the current output is found 
by subtracting the ordinates of the loss line from those of 
E, and using the differences as the ordinates of E. In 
practice E, cannot be directly found ; but the terminal volts 
and the current can be measured, thus, giving the curve E, 
and from a knowledge of the loss line the curve E, can he 
derived. 

The operation of some special forms of series machines 
will be discussed in the chapter on arc-lighting machines. 

64. Power Lines. — Where volts and amperes are used 
as ordinates and abscissae, lines can be drawn connecting 
points of constant product of the two, representing watts 
or power. Fig. 79 shows such lines drawn for one, two, 
and three kilowatts. If £ be the external characteristic of 
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a dynamo, then the curves make it apparent that the ma- 
chine cannot generate 3 K.w., but that for most values 
under 3 k, w. 
there will be two 
loads under which 
the generator can 
run and yield the 
same voltage. 

65. Shunt Dy- 
namoB. — In 
shunt-wound ma- 
chines the cur- 
rent in the arma- 
ture is the sum of 
the current in the 
field coils and of 
that in the ex- 
"■ ternal circuit, or 

f„= lf+ f. For sake of simplicity we will assume /„ = /. 

Practically this introduces but a small error under ordinary 

conditions of load. 



m 
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To determine what value of R will enable a given ma- 
chine to operate with a maximum economic coefficient — 
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place the difFerential coefficient of ij, in respect to R con- 
sidered as a variable, equal to o and solve for R 



dR 



The external resistance must be a mean proportional be- 
tween R^ and R/, and the maximum economic coefficient is 



^ V ^, 
66. Characteristic Curve of a Shunt Dynamo. — In Fig. 
80 the curve E is plotted from experimental results obtained 
while the machine is running at various loads. To get satis- 




factory results, one should begin with an infinite resistance 
in the external circuit, which is then reduced step by step. 
In some small machines it can be reduced to zero without an 
extreme elevation of temperature due to excessive currents. 
As a rule, only the upper and lower values of E, correspond- 
ing to currents between o and a definite maximum value, can 
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be obtained. The loss line L is obtained by calculation as 
before in the case of the series machine. The curve 
showing the relation between external current and total 
volts, E„ is obtained by adding the ordinates of L to those 
of E. The drop in E is at first due chiefly to the drop re- 
sulting from armature resistance. As the current increases, 
the effects of armature reaction and saturation of the 
magnetic circuit become evident. At the same time E is 
affected by a decrease of the shunt-field current due to 
the fall of potential at the terminals of the field circuit. 
This soon becomes the predominating cause of drop, and to 
such an extent that the curve turns back toward the origin. 
When zero resistance is in the external circuit, of course no 
current flows through the field, and the few volts then 
produced are due to residual magnetism. It must be 
remembered that while £ is a double-valued function o£. / 
it is a single-valued function of R. 

The voltage of a shunt machine generally increases more 
rapidly than the speed. An increase of speed not only in- 
creases primarily the number of volts generated, but also 
increases the armature flux ^ because of increased excita- 
tion. The condition of the magnetic circuit as regards 
saturation determines whether this secondary influence 
shall be great or small 
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CHAPTER VII. 

CONSTANT POTENTIAL DYNAMOS. 

67. Constant Potential Supply The method of sup- 
plying, at any point of usage, current at a constant poten- 
tial irrespective of the load which is there or elsewhere, is 
used in the distribution of electrical energy for purposes 
of incandescent electric lighting, for consumption in con- 
stant pressure motors, and for trolley-car propulsion. The 
great sensitiveness of the candle power of incandescent 
lamps to a change in voltage, the candle power varying 
as the fourth power or more of the voltage, requires 
that the pressure in lines used for lighting must not vary 
by more than 3 per cent of its rated value. In street-car 
work, where the load suffers tremendous variations, con- 
stant [Mttential supply is equally as imperative for satisfac- 
tory operation. 

6S. Hetbods of Obtaining Constant Potential. — For 
accomplishing this result many devices have been tried, 
the more important of which are : — 

a Automatic variation of the resistance in the field cir- 
cuit of shunt machines. 

b Automatic change of the position of the brushes and 
commutating plane. 

c Automatic variation of armature speed. 
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d Hand regulation of a resistance in series with a shunt 
field coil. 

e Self-regulation. 

Of these the first three methods are no longer employed, 
and either hand regulation or self-regulation or both to- 
gether are relied upon to maintain the constant voltage 
under varying loads. 

69. Hand Regulation. ^ Inspection of the characteristic 
curves of either the shunt or the separately e.xcited dynami> 
shows a drop in the voltage as the load increases. This is 
due to the internal resistance of the armature and the 
demagnetizing effect of armature reaction. In the formula 

for the E.M.F. of a machine, E = — „— ^, the only quan- 
10*60 ' 

tity that is practical to vary is ^, This can easily be 
accomplished by regulating 
the amount of resistance in 
a rheostat, which is in series 
with the field coils and which 
therefore governs the amount 
of current in them, as in 
Fig. 8r. 

In distributing current for 
use among a number of con- 
sumers the current is carried 
to feeding-points which are 
near the locality they supply, but may be distant from the 
station. It is desirable to keep the pressure at these 
points at a constant value, irrespective of the \'arying loss 
of potential that is going on because of the resistance of 
the conductors leading to them. To achieve this end the 
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Edison system employs feeders to carry the current to the 
feeding-points. Each feeder is accompanied by a pilot wire 
imbedded in the insulation. At the feeding-point the pilot 
wires are attached to the feeder terminals, and at the sta- 
tion end are attached to a voltmeter, so that one can, in 
the station, regulate the pressure not at the machine ter- 
minals but at the distant distributing point. 

70. Field Rheostats For varying the current in the 

shunt fields of dynamos, it is usual to employ field rheostats 




which are mounted on the switch-board along with indicat- 
ing instruments. A form of such rheostatic regulators is 
the so-called Packed Card Rheostat, manufactured by the 
General Electric Company. This derives its name from 
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the method of constructing it. A tube of asbestos, in- 
closing a steel mandrel, is wound with a chosen amount of 
German-silver wire or ribbon. The tube is then removed 
from the mandrel, and pressed into the form of cards as 
shown in Fig. 82. These cards are then assembled, with 
interposed asbestos, in sufficient numbers to make up the 
required resistance of the rheostat. Iron plates, somewhat 




wider than the cards, are introduced at intervals, and thus 
increase the radiating surface. The whole is held together 
by iron end plates and bolts, as shown in Fig. 83. Con- 
tact bolts are connected with various points of the conduc- 
ting part of the rheostat, and these bolts are connected 
through a wiping-finger with the field circuit. Fig. 84 shows 
a rheostat of this tjpe built for regulating a railway gene- 
rator and arranged to be placed on the back of a switch- 
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board with the regulating handle projecting in front. 
For the largest generators resistances made of iron grids 
supported in iron frames are employed. Both of these 
constructions are fire-proof and easily repaired in case of 
accident. 




When large generators, such as are used in railroad work, 
have their field circuits oix^ned, the E.M.F. si;lf-induced 
by the disappearance of the flux in the fields is liable to 
reach such a magnitude as to pierce the insulation o£ the 
field coils and destroy their usefulness. To obviate this, 
before the field circuit is broken, the field coils are con- 
nected (Fig. 85) through a high discharge resistance, and 
the current in them is allowed to die out slowly. It is 
thus unattended with any destructive potential differences. 
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The Edison Electric Illuminating Company of New York 
City, in the case of its Duane-street generators, allows the 
field circuits to discharge themselves through an arc light. 
Another form of field rheostat is the Carpenter Enamel 
Rheostat, made by the Ward Leonard Electric Comjiany. 
In this rheostat the heat generated is nut radiated directly 




Armature 

Fi(. es. 

from the surface of the wire, but is conducted to a sup- 
porting plate, which then becomes the radiating surface. 
The resistance \vires are surrounded with an enamel, which 
attaches them to the supporting plates, insulates them 
therefrom, and protects them from corrosion. Owing to 
the increased radiating surface thus obtained, a shorter and 
smaller ^vire can be used for a given volt-ampere capacity 
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than if the wire were merely exposed to the air. 
sideration of the mechanical strength of the wi 



No con- 
re enters 




into the design of this resi-stancc, since it is sup|>ortetl and 
protected by the enamel. To further increase the radiat- 




ing surface, the back of the plate is provided with raised 
annular ribs. The makers claim that this rheostat can radi- 
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ate 5 watts for each square inch of one surface. Thus a 
plate lO by lo inches will dissipate 500 watts. The 
method of using iron radiat- 
ing plates for purposes of 
dissipating large amounts 
of heat is to be found in 
I the rheostats of many man- 
ufacturers. Wirt (Fig. 88) 
incloses resistance wire or 
ribbon in radiating plates, 
insulating them from each 
other by means of mica. 
Other firms employ sand as 
an insulating material. 

71. Self-Regulation. — 

By far the most elegant 
method of constant poten- 
tial regulation is that in 
which the main current of 
the machine is utilized in 
maintaining constant the magnetic flu.x 1^ through the 
armature. This is accomplished by jiassing ail or the 
greater part of the current produced in the armature a 
few times around the field magnets, so that an increased 
load on the armature increases the magnetizing ampere 
turns of the field coils. These series turtts, when rightly 
proportioned, can be made to compensate for a i>art, for 
all, or for even more than all of the drop. This device 
can be used in conniittion with any other form of 
excitation, as permanent magnets, separate excitation, 
or shunt excitation. In the last case, the dynamo is 




Fig. 88. 
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said to be compound wound ^ as described in § 45. If 
the machine is designed to maintain a constant pressure 
at some distant feeding-point, instead of at the machine 
terminals, the machine is said to be over<ompoundedy since 
the potential at the terminals will rise on increase of load. 
From 3 to 5 per cent over-compounding is frequent in 
machines used to supply lighting circuits, and 10 per cent 
over-compounding is usual in railway generators. 

72. Economic Coefficient of a Compound Machine. — 

To discover the value of 17 in this case, let R be the resis- 
tance of the external circuit, R, the resistance of the series 
turns, R^ the resistance of the shunt-field, and R^ the 
resistance of the armature. Then assuming that the cur- 
rent in the armature is the same as in the external circuit, 
an assumption which is warranted in the case of commer- 
cial machines, 

I\R ___ 

"^ ~ rR 4- J^R. -f I'R. -f- /Vi^~ 



R 



R^ R^^ R^^ R" ^ R^^ R ^ R 

Considering R as a variable dependent on 17, and solving 
for a maximum of 17 

dR R^'^R'^R""' 

and, 

Hence it is seen that the maximum economic coefficient is 
obtained, when the external resistance is the geometric 
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mean between the shunt-field resistance and the sum of 
the resistances of the series field and of the armature. 
Under these conditions, 



V(^,. +~J?'.) AU 



V(-ff,. + Jf.)Jf^ Vt K + ^.) Jid, 






73. Efficiency of Compound Machines The efficiency 

of a generator increases with the size, being quite low on 
small macliincs, and sometimes very high on the larger 
dynamos. Since the distribution of the magnetic and elec- 
trical losses of a generator lies within the discretion of the 
designer, it is possible to so design a machine as to have 
its point of maximum effi- 
ciency at full load or at a 
smaller load, for instance, 
at one-fourth load. The 
two following cuts show 
the relations between effi- 
ciencies and load.s on two 
different machines. 

74. The Compounding 

Rectifier The gradual 

saturation of the fields of 
a generator as full load 
approaches causes the 
•''«■ »9- H.M.F. of even a com- 

pound-wound machine to sag at .ull load, or if the machine 
is so heavily compounded that it maintains its potential at 
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full load, its voltage will rise abnormally at some load less 
than full load. To counteract this effect, the Crocker 
Wheeler Company employs a device which is termed a 
compounding nciifier. It consists of a suitable resistance 
shunted across the ter- 
minals of the series field 
coils. The full armature 
current therefore divides 
between this rectifying 
coil and the series coils. 
As the li>ad increases, 
more current passes 
through each, but the 
coils are so designed 
that this increase heats 
the rectifier and causes 
its resistance to increase, 
while the resistance of 
the series coils remains 
practically unaltered. 

Thus, as the load increases, a larger proportion of the whole 
current passes through the series coils, and this compen- 
sates for the sag in voltage that would otherwise have 
existed. 

70. Theory of Self-Regulation To determine the 

number of turns of wire necessary to be used in the series 
regulating coils which are wound on the field magnets of a 
compound machine, 

Let « = number of sh"'nt turns. 
«' = number of ; .,es turns. 
B = number of back turns. 
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A"= number of cross turns. 
ff|.+. = the resistance of the armature plus that of the 

/^ i= current in the shunt coils. 
/ = current in the armature and also in the series coils, 
since they are practically the same. 
£, = total pressure developed. 
E = pressure at terminals. 
A = the coefficient of magnetic leakage. 
tR = the reluctance of magnetic circuit when armature 
is idle. Then 



(^- = reluctance with current /in armature. 

Let ^, <^', ift", = flux in the armature under different con- 
ditions of working. 

When no current flows in the armature, 



_4ir«/rt_ «/rt 



When the current /flows in the armature, 

«/^ 

where -= 5 ^ — "^ hence n represents the ratio of the 

reluctance at no load to the reluctance with the load /, 
The latter value is the greater because of the skewing 
effect of the cross turns, a, therefore, is less than i. 

The flux in the armature which is due to the shunt coils 
only, when a current / flows in the armature circuit, is 
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Thus under load the aniature flux due to the shunt coils is 
decreased in the ratio, 



The series turns must make up this loss, and also compen- 
sate for the loss due to the back turns and for the electri- 
cal losses due to the resistances of the armature and the 
series coils. 



i'6o' 



Now, i?.= -r-^,and£'.= 
and £ =E,- IR^^, 

For convenience let 

* - Ju-i'lJIlTo ""=" " = *■""• +[*-(«-- ^ - *.,.]'■ 

The first term of the right-hand member can be written 
knl^ — k{\ — «) «/^, in which the expression knl^ repre- 
sents the total voltage developed by the machine at no 
load, which is therefore the terminal voltage at that load, 
or in other words is the voltage for which the machine is 
to be compounded. The equation for the terminal voltage 
at the load / therefore becomes 

E = knU-k{\ -d)tiI^-\-\ka{n' - B) - R„^:\I. 

Evidently, if E is to equal knl^ at any and every load, 

- *(i - a) nl^ + \ka («' - ^ - ^„^.] /= o, 
whence 
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Remembering that / = -^ and also that the percentage 



of electrical energy Uiss in the field/ = -j too, 






In this value fur «' the first term gives the number of 
series turns required ti) overtome the skewing due to the 
cross turns; the second term gives the series turns neces- 
sary to coinix;nsate for the armature back turns ; and the 
third term shows the number of scries turns to balance the 
loss due to the resistances of the armature and the scries 
coils. 

The difficulty of applying this formula lies in finding a 
suitable value for a. This differs in different macliine.s, 
having according to Jacksim a value (if from .75 to ,85 at 
full load. It is of course dependent on the liwd, and has a 
value of unity for no Kod. 

76. Views of the American Institute of Electrical 

Engineers The following statements concerning the 

regulation of direct current apparatus are taken from the 
report of the Stamhrdiz:ition committee of the Insti- 
tute : — 

The regulation of an apjKiratus intended for the gene- 
ration of constant jiolcnttal, constant current, constant 
speed, etc., is to be measuretl by the maximum variation 
of potential, current, speed, etc, occurring within the 
range from full load to no load under such constant con- 
ditions of operation as give the recjuircd full-load value.s, 
the condition of full load being considered in all cases as 
the normal condition of operation. 
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The regulation of an apparatus intended for the gene- 
ration of a potential, current, speed, etc., varying in a defi- 
nite manner between full load and no load, is to be 
measured by the maximum variation of potential, current, 
sjjeed, etc., from the -satisfied condition, under such con- 
stant condititins of oi>eration as give the required full-load 
values. 

If the manner in which the variation in potential, cur- 
rent, speed, etc., between full had and no load is not speci- 
fied, it should be assumed to be a simple linear relation ; 
i. e., imdergoing uniform variation between full load and no 
load. 

The regulation of an apparatus may, therefore, differ 
according to its qualification for use. Ihus the regulation 
of a com pound- woimd generator sjjecificd as a constant- 
potential generator will be different from that it jjossesses 
when specified as an over-compoimded generator. 

The regulation is given in percentage of the full-load 
value of |xitential, current, speed, etc. ; and the apparatus 
should be steadily operated during the test imder the same 
conditions as at full Imd. 

The regulation of generators is to be determined at con- 
stant speed. 

The regulation of a generator unit, consisting of a gen- 
erator united with a prime mover, should be determined at 
constant conditions of the prime mover ; i. e., constant 
steam pressure, head, etc. It would include the inherent 
speed variations of the prime mover. For this reason the 
regulation of a generator unit is to be distinguished from 
the regulation of either the prime mover or of the gene- 
rator contained in it, when taken separately. 

In commutating machines as direct current generators 



'^t^-. 
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and motors, the regulation is to be determined under the 
following conditions : 

a. At constant excitation in separately excited fields, 
d. With constant resistance in shunt-field circuits, and 
c. With constant resistance shunting series fields ; i.e., 
the field adjustment should remain constant, and should be 
so chosen as to give the required full-load voltage at full- 
load current. 

In constant potential machines the regulation is the 
ratio of the maximum difference of terminal voltage from 
the rated full-load value (occurring within the range from 
full-load to open circuit), to the full-load terminal voltage. 

In constant current machines the regulation is the ratio 
of the maximum difference of current from the rated full- 
load value (occurring within the range from full load to 
short circuit), to the full-load current. 

In over-compounded machines, the regulation is the 
ratio of the maximum difference in voltage from a straight 
line connecting the no-load and full-load values of terminal 
voltage as function of the current, to the full-load terminal 
voltage. 

77. Direct Driven Light Generators. — The tendency of 
modern engineering practice is to install lighting gene- 
rators which are directly connected with the steam engines 
which drive them. Owing to the inherent speed of engines 
being smaller than that of generators, direct connected 
armatures are designed to run at a lower speed than belt- 
driven ones. Economical construction demands that they 
be of the multipolar type. They require less floor space 
per kilowatt than the belt-driven machines ; and this is a 
question of considerable importance in many installations. 
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They have a higher efficiency of operation consequent 
upon the elimination of losses in belting and counter- 
shafting. They also permit of operation of isolated plants 
in residences and other places where the noise resulting 
from belt-driven machinery would not be tolerated. 

In order that standard generators may be easily con- 
nected with engines of any make, and vice versa, commit- 
tees from the American Societies of Electrical Engineers 
and of Mechanical Engineers have recommended the 
adoption of the following standard sizes, speeds, and arma- 
ture shaft fits : — 



Sizes in K. W, Capacity . 
Speeds in Rev. per Minute 
Armature Fit in Inches . 


50 
290 

5 


5 

450 

3 

75 

275 
6 


7.5 

425 

3 

100 

250 

7 


10 
400 

3H 

>25 

235 
7J4 


15 

375 

3J6 

150 

220 

8 


20 

350 

4 

200 
200 

9 


25 

325 

4 


35 
310 

4H 

300 

180 

II 


Sizes in K. W. Capacity . 
Spewls in Rev. per Min. . 
Armature Fit in Inches . 


250 

190 

10 



Fig. 91 shows a machine made by the Westingljouse 
Electric Manufacturing Company in standard sizes of 100, 
150, 200, 500, and 675 K. w., at 125 volts. The field 
frame is circular and divided in a vertical plane. The pole 
pieces are of laminated sheet steel, cast into the frame. 
Projecting from the field frame are brackets, which hold 
and carry the brush-holder mechanism. This consists of 
a ring concentric with the axis of the armature. Upon 
its rim is a gear, which engages with a worm operated by 
a hand-wheel. The simultaneous shifting of the brush 
can be accomplished by the turning of the hand-wheel. 
The slotted armature disks are made of sheet steel, and 
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are held tf^ethtT by cast-iron end plates. The disks and 
end plates are nmuiited upon a cast-iron spider, which also 
carries the coninuitator. The spider is fitted so as to be 
pressed upon the engine shaft and keyed to it. l~he con- 




ductors are bnrs of copper, which ;ire forj^cd int" shape on 
cast-iron fornicis wound and insulated with mica and fill- 
lerlward. 

l'"igs. gz and 93 represent a front an<l rear view of a 
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General Electric Company's Form L generator. The 
frame, of a circular form, is divided in a horizontal plane, 
and is made of soft cast iron. To it are bolted pole pieces 




which are made of soft cast steel. A skeleton, circular, 
disk-like brush-holder yiike is fastened to the frame hy 
means of three slots and bolts, and is capable of sufficient 
angular rotation to permit o{ tlic jiroper adjustment of 
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the brushes. The movement is accomplished by means of 
a hand-wheel and pinion. The armature spider is so con- 
structed that it receives the commutator as well as the 




disks and the armature windings. It is open so as to offer 
no obstruction to tlie frte and thorough circulation of air 
through it, which permits tif a perfect ventilation. The 
windings are of copper bars, and the end connections are 
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supported by flanges which protect them from mechanical 
injury. The commutator shell is pressed upon the arma- 
ture spider. 




The Crocker Wheeler Electric Company's direct-con- 
nected and belt-driven generators differ from others which 
have been described, chiefly because of the shape of the 
field-magnet frame and the method of armature winding. 
The field frame shown in Fig. 94 is circular in form, and is 
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divided in a horizontal plane. These frames are of cast 
iron, and have short internal flanges on each side, which 
mechanically strengthen the frame, and offer considerable 
protection from mechanical injury to the field coils. The 
round poles are of cast steel, cast-wolded into the frame. 
They are provided with removable cast-iron shoes, which 
are clamped in place after the field coils have been put on. 
The armatures, instead of being bar-wound, are wound 



with solid copper wire of large sizes, which are triple 
cotton covered. The conductors are threaded through 
tubes which are placed one upon the other, and which are 
made of micanite clolh and press-board rolled up on a 
form and glued together. The brush holders and brush 
rigging were .shown in Figs. 48 and 49. 

The Sprague Electric Company manufactures two tj-pes 
of Lundeli generators, both for direct connection and for 
belt connection. They are, namely, the split-pole type, 
which employs the principle laid down in paragraph 55 
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ior compensating for armature reaction, and the single-coil 
type, which takes its name from the peculiar shapie of the 
field frame and poles, which permits of the use of but a 
single field coil. Both frames are of the circular type, 




the split-pole field being divided in a horizontal plane, 
and the single-coil type being divided in a vertical plane 
which is perpendicular to the axis of the armature. A 
split pole, with its windings, is shown in Fig. 95. The 
compound coil is placed nearer the shoe than the shunt 
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cx>il, and both are kept in place by lugs, as shown in the 
figure. Fig. 96 shows a 6-pole, single-coil type field- 




magnet frame with its cnil inclosed in the frame. The 
brush holders which are employed on both types of ma- 
chine are illustrated in Fig. 97, the brushes being of 
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carbon used radially, and bt'in^ perforated to receive a bolt 
for clamping thum to the holders. 

The Bullock Electric Manufacturing Company's direct 
connected generator, Fig. 9S, has an external appearance 
similar to that of the generators of other companies. It 




Fit. gB. 

is different from them, however, in having peculiarly con- 
structed poles. These poles are made up of laminated 
steel stampings, which are much thinner than are ordi- 
narily used, and which have the peculiar shape shown in 
Fig. 99. In assembling these stampings to furm the pole, 
every alternate one is reversed from the position which is 



128 



DYNAMO ELECTRIC MACHINERY. 



indicated in the figure. The method of assembling is 
shown in Fig. icx). After assembling, it will be seen that 
the face of the pole for a short depth contains but one-half 
as much iron as the main body of the pole. This results, 
under normal excitation, in a siiturated pole face. It has 
the same effect in preventing distortion of the field under 
the influence of armature reaction, as saturation of the 
teeth of the armature core. The teeth can, therefore, be 




Fig. 99. 



Fig. 100. 



operated at a smaller magnetic flux density. The hystere- 
sis losses in the teeth can acc<M*dingly be made smaller. 
The thinness of the stampings, and the ideally perfect 
lamination of the pole face, permit the use of a smaller 
ratio of tooth width to slot width, without the excessive 
eddy current loss in the pole face which would occur in 
ordinary machines. The possibility of using narrow teeth 
results in a reduction of the inductances of the armature 
coils. This facilitates effective commutation. 
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CHAPTER VIII. 

CONSTANT CURRENT DYNAMOS. 

78. Direct Current Arc Lighting Generators. — Fur 
l^hting by arc lights where considerable energy is ex- 
pended at the points of illumination, and where these 
points are separated from each other by considerable dis- 
tances, it is sometimes economical and desirable to connect 
the lamps in series and use a constant current. A single 
line then completes a circuit of all the lamps (Fig. lOi). 
The line can be made 
of much smaller wire 
than in the case of a 
constant pressure cir- 
cuit, for on a constant 
current circuit as the 
load increases the power 
or energy transmitted is 
increased by raising the 

potential, the current remaining unaltered ; while in a con- 
stant pressure circuit an increase of load is met by an 
increase of current, and the wires of the line have to be of 
sufficient size to safely carry the maximum. The size of 
wire necessary is dictated, not by the energy transmitted, 
but by the current flowing, hence a wire large enough to 
supply just one lamp of a constant pressure circuit can 
supply all the lamps of a constant current circuit. 
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The more general forms of arc lamps have what is 
termed a spherical candle-power of 800, 1200, or 2000. 
Lamps used in search-lights and in light-houses often ex- 
ceed this in candle-power, and may consume many more 
amperes. The arc lamp of 800 candle-power takes a cur- 
rent of 4-5 amperes, that of 1200 candle-power 6,6 to 
6.8 amperes, and that of 2000 candle-power 9.6 to 9.8 
amperes. 

An ordinary arc lamp, as it is trimmed and adjusted for 
general use, requires between 45 and 50 volts to force its 
rated current through it. A generator supplying a circuit 
of say 2000 candle-power lamps with h such lamps in the 
circuit must be capable of generating a constant current of 
9.8 amperes. It must be able to regulate its pressure 
between the limits of 50 and 50// volts. Thi.s is neces.sary 
in order that it may operate all the lamps or any part of 
the whole number. 

The current of an arc-light machine must not exceed 
nor fall below it.s normal value, no matter how suddenly 
the load is varied ; for the slightest change, even for a very 
brief instant of time, affects the quality of the light at the 
lamps. It is obvious that some mechanical device could be 
applied to an ordinary shimt-woiind generator to cause it 
to give constant current, either by changing the position of 
the brushes or by varying the ampere turns of the field 
coils. However, any such device would be slow of opera- 
tion, and a sudden short circuit would cause a destructive 
current to flow before the regulator completed its action- 
It is, therefore, necessary to rely on the armature reactions 
for regulation, since they \'ary simultaneously with the cur- 
rent. All successful constant current machines are con- 
structed on this principle. The machine is designed with 
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a field of very great magnetizing power, the armature re- 
actions are very great, and thus the total flux effective in 
producing E.M.F. is reduced. A slight increase of current 
in the armature materially increases the armature reactions. 
The effective flux is thus reduced, and the pressure falls 
until the current returns to its normal value. Thus the 
machine is completely and instantly self -regulating. Since 
the field magnetization is kept constant and the machine 
produces constant current the field coils are series wound 
on all arc-light generators, and the cores of the field 
magnets are worked at a very high magnetic density, since 
the magnets are then more insensible to slight changes in 
the magnetizing force. In commercial machines the den- 
sities in the field cores are from 17,000 to 18,000 lines per 
square centimeter for wrought iron or steel, and from 9000 
to 1 1,000 lines for cast iron. 

In the armature high magnetic density is also required 
to prevent a sudden rise of voltage when the circuit is 
broken. With no current in the armature, the total mag- 
neto-motive force of the field magnets would be effective 
in producing E.M.F. , and a destructive rise of pressure 
would result, since the total Af.M.F. of the field magnets 
is much greater than the normal effective M.M.F. But a 
high magnetic density in the armature core leaves the latter 
incapable of receiving such an increase of flux, and there- 
fore destructive voltages are avoided. In practice the arma- 
ture core is designed to have a density of from 15,000 to 
20,000 lines per square centimeter at its minimum cross- 
section. 

A consideration of the foregoing theory of regulation 
shows that the following conditions should obtain more or 
less completely in a successful constant current generator : 
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((7) since the current is small, there must be a great num- 
ber of armature turns; {/>) the magnetic field of the ma- 
chine must be much distorted ; (<■) the path of the lines of 
force of the field coils must be long and of small area, so 
the M.M.F. cannot be readily changed ; {d) the path of the 
lines of force due to armature magnetization must be short 
and of great area, so the M.M.F. of the armature will change 
with the slightest change of current ; and (c) the pole piece 
must be worked at a high density. 

Evidently extreme difficulty is found in so designing the 
different parts of the machine as to give proper considera- 
tion to each of the conditions and yet produce a machine 
that will regulate for constant current at all loads. This 
leads to tbe intri>ducti(m of automatic mechanical devices 
for aiding in the reguliitiiLin, These devices must not be 
considered as being the sole regulators, for in every case 
they are secondary to the natural self-regulating tendency 
of the armature. In general they regulate for the gradual 
and greater changes of lonil, while the armature reactions 
take care of the smaller and more sudden fluctuations. 

There are tw() general systems of regulating arc dynamos. 
The first method is to cause the machine to develop an 
E.M.F. in excess of that required for the load, and to then 
collect an F..M.F. jnst sufficient for the load in hand. This 
is done by shifting the brushes from the neutral plane (§50). 
In a closed-coil armature this causes a counter pressure to 
be developed in those conductors lying between the neutral 
and the commutating planes. This reduces the pressure 
to the desired amount. In an open-coil armature the 
brushes, when in the maximimi position, connect to the 
circuit those coils of the armature which at that instant 
have the maximum E.M.F. generated in them. By shift- 



CONSTANT CURRENT DYNAMOS. 133 

ing the brushes either way coils can be connected to 
the circuit which have some E.M.F. less than the total 
E.M.F. generated in them, and the amount of shifting 
regulates the pressure on the line. 

The second method of arc-light dynamo regulation is to 
vary the magnetizing force in the field magnets just enough 
to put the required pressure on the line. Since the mag- 
netizing force is dependent on the ampere turns of the field 
coils, it can be varied either by cutting out or short circuit- 
ing some of the turns or by changing the current in them 
by means of a variable resistance which is shunted across 
the field terminals. In practice both these methcxls have 
been used. 

Whether regulation is effected by changing the position 
of the brushes, or by changing the field excitation, sparking 
will occur at the points of collection of the current if means 
are not provided to avoid it. Non-sparking collection could 
be obtained if the field were perfectly uniform all around 
the armature. In general this condition is impracticable, 
since it requires almost the whole armature to be covered 
by the pole faces, and it requires the density in the gap 
beneath them to be uniform. Considerations of magnetic 
leakage and armature reaction render almost impossible the 
satisfying of these conditions. Another and more prac- 
tical method is to employ for collection at one terminal of 
the machine two brushes connected in parallel. These are 
moved in opposite directions, thus giving the effect of a 
single brush of varying circumferential contact, whose 
center can always be kept in the neutral plane. This 
prevents bad sparking. The device is used quite success- 
fully in practice. There is, however, some question as to 
the advisability of resorting to it. 
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9. The Brush Machine. — Fig. 102 shows a standard 
160-Iight Briisli arc generator, made by the General 
Electric Company. The armature revolves between -the 




opposed pole faces of two sets of field magnets. Like 
poles are opposed to each other. The flu.x, therefore, 
takes a path out of the opposing pole faces into the arma- 
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ture core, and then circumferent tally through the core and 
out into the next pair of opposing pole faces. 




He. Ku. 



The armature, Fig. 103, consists of a number of coils or 
bobbins placed on a ring core of greater radial depth than 
breadth, and the pole faces cover the sides instead of the 




PiJ. 104. 



circumference. The bobbin,s are protected by an insulat- 
ing box, shown in Figs. 104 and 105, but are not surrounded 
by any masses of metal. This fact, coupled with the fact 
that the armature is of such a shape as to cause great air 
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ilisturbance, insures exceptional ventilation of tiie armature, 
and tends to prevent the " roasting out " of the coils when 
subject to an overload. This machine is of relatively slow 
speed, the larger sizes running at only 500 R.P.Af. 




At a given instant iif time, the different coils on the 
moving armature have /:.J/.F.'s of widely different magni- 




Flt. ic«. 



tildes induced in them. The commutator, Fig. !06, is so 
designed that it connects the coils of highest E.M.F. in 
series with each other to the external circuit, and con- 
nects the coils of medium E.M.P. in multiple with each 
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othtT to the external circuit, while those nf sniiiUest H.M.F. 
arc cut mit entirely from the circuit. 

The beariii^i-s are sel f-1 librae at etl by means nf rings. 
Since the poles are on the sides nf the armature, side 




play in the bearing.s must be prevented. To this end the 
commutator end of the shaft i.s turned with six thrust col- 
lars, as seen in Fip. 107, which are engaged by correspond- 
ing annular recesses in the brasses. 
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Regulation on these machines is effected by a variable 
resistance in shunt with the field coils; and as the field 
current is changed the position of the brushes is also 
changed, not to collect current at a lower voltage as de- 
scribed in § 78, but to obtain sparkless collection. These 
two operations are performed by a regulator (Fig. 108), 




which is attached directly to the frame of the machine. 
The mechanism consists of a rotary oil-pump driven by a 
belt from the armature shaft, a balance valve of the piston 
type, and a rotary piston in a short cylinder, which is 
directly connected to an arm sweeping the contacts of the 
field-shunt rheostat. The valve is operated by a lever 
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actuated by a controlling electro-magnet which i; 
by the whole generator current. At normal current the 
valve is centrally placed, and the oil from the pump flows 
around the overlapping ports into the reservoir without 
effect (See Fig, 109). If the current rises above the nor- 
mal, the armature of the controlling magnet is attracted, 
the balance valve moves up, and oil enters the cylinder, 




moving the rotary piston in a clockwise direction. The 
shaft of this piston moves the arm of the rheostat, cutting 
out resistance and thus lowering the field exciting current. 
At the same time a pinion on the shaft, seen in Fig. 1 10, 
actuates a rocker arm which moves the brush holders to a 
position such that the collection by the brushes will be 
sparkless. When the current returns to normal the 
adjusting spring, seen in Fig. iii, returns the lever and 
balance valve to the central position. If the current falls 
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below the normal, these operations are reversed. The 
tension of the adjusting spring can be regulated from the 
outside of the dust-proof case by a hard rubber knob. 
From the nature of the case the parts are always well 
lubricated. 

It is claimed for this regulator that it can bring the- cur- 
rent back to normal from a dead short-circuit in from 3^ to 
4 seconds. 

80. The Westinghouse Arc-Light Machine — Fig. 1 1 2 
shows a 75-light direct current arc-lighting generator, 
made by the Westinghouse Electric and Manufacturing 
Company. It is of rigid construction, the bearing sup- 
ports being cast integral with the frame. For facilitating 
transportation and repairs the yoke parts in the middle 
on a horizontal plane. The bearings are of the self- 
oiling, self-aligning type described in § 41. The armature 
shown in Fig. 1 1 3 is of the open-coil type, which gives a 
unidirectional but not absolutely continuous current. The 
slight pulsations of the current thus set up, while not 
affecting the steady mean value of the current, cause a 
slight constant vibration in the mechanism of the lamps 
that helps overcome any tendency to stick or a failure to 
feed the carbons. A unique feature of this armature con- 
sists in its having two separate sets of windings on the 
same core, each set having its own commutator. The coils 
and commutators are so arranged that while a set of coils 
of one winding is being cut into or out of the curcuit a set 
of the other winding is supplying current to the hne. It is 
clamed for this method of connecting open-coil armatures, 
that it yields a more satisfactory current, and obviates the 
vicious sparking at the commutator found in other types 
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of open-coil machines. The armature is made of lami- 
nated steel shoots punched with "r-.sliaped teeth between 
the winding slots. The armature coils arc wound on 




molds, and insulated and mounted on the armature as 
shown in l-'i;;, 114. TJioy arc hold in place by wooden 
wedfjes forced into the loops left at the ends of the arma- 
ture. This c(.)nstruction admits of removing one coil for 
repairs without disturbing any of the other coils. 
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This machine differs from 
the general type of arc-light- 
ing machines in that it t.s 
separately excited, a small 
auxiliary machine generating 
current for the field coils at 
lOO volts. This obviates the 
possibihty of danger from a 
too high pressure resulting 
from an open circuit. 

Regulation is obtained by 
careful design, so that the 
armature reactions cause the i 
voltage to vary in just the 1 
proper proportions, as ■ 
scribed in § 78. The exciting | 
field current is regulated to 
give the proper excitation by 
a series rheostat. By this 
means the line current can 
be raised or lowered slightly 
if desired, without affecting 
the self-regulation. 

Fig. 1 1 5 shows the double 
commutator of this machine. 
The segments are easily re- 
moved and replaced in case 
they wear or burn out. 

81. The Wood Arc Dynamo. — ?'ig. 116 shows a Wood 
constant current dynamo for lighting 125 2000 c.p. lamps. 
This machine claims an efficiency of 90 per cent on full 
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IcKid. Ihi; liiarin^'s arc sdf-i lilinj;, and may be rcmuvcd 
fur rqwirs nr iiisinvtii'ii willioiil rcnicivinji tho armature. 
The armature lias larj^e radiating surface and slialluw wind- 




ing, and its temperature does not rise more than 40° C, 
ab«\'e the IcmiJcrature of the room. This armature is of 
the closed-coil type, requiring a CDmnnitator of many seg- 
ments with but a small ]K)tenliaI iDetween anj' two adjacent 
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ones. This fact, and the use of two brushes in parallel, as 
explained in § 78, obviates all sparking. 

This machine operates by generating full pressure at all 
times, and by automatically setting the brushes to take off 
just such potential as is necessary. This allows of regu- 
lation without making use of rheostats, separate ex- 
citers, wall controllers, motors, or relays. The regulating 




mechanism is set in operation by a sensitive and rather 
powerful electro-magnet excited by the main armature 
current. This attracts a lever which is restrained by an 
adjustable coiled spring. A variation in the current 
strength causes this lever to throw into train one or the 
other of two oppositely revolving fiber friction cones, which, 
acting through gears and levers, shifts the brushes the re- 
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quisite amount, and also varies their angular contact or 
collecting extent. All the delicate parts of this mechanism 
are inclosed in the pillar supporting the commutator end 
of the armature shaft, and are thereby protected from 




Fie ite. 



injury, dust, and grit. The wearing surfaces of this regu- 
lator are all large and the speed is slow, so that wear is re- 
duced to a minimum. Without any change of adjustments 
this regulator will operate when rim either way, which is 
an advantage when two or more dynamos are run from one 
engine, and economy of space is essential, or in case of 
accident to a prime mover. 
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82. The Excelsior Arc Djmamo. — This machhe. Fig. 
117, is a closed-coil ring armature generator, having pole 
faces that cover both the sides and the circumference of 
the armature. The interesting feature of this machine is 
the method of regulation. The proper potential is sup- 
plied to the line by using both methods of control in con- 
junction ; that is, sections of the field windings are cut in 
or out of circuit, and at 
the same time the posi- 
tion of the brushes is 
■ shifted. The proper 
motion of the field regu- 
lator arm and of the 
brush holder is obtained 
by means of a small 
motor whose field is 
"sneaked" from the 
main magnets of the 
machine. This motor 
is operated by a device 
shown in Fig. 1 18. The 
whole device is inserted 
in series with one of the 
mains from the gener- 
ator. The right-hand '"' "" 
lever is of insulating materia], with the contact blocks 
a and b properly placed upon it. The left-hand lever 
is of conducting material, and is capable of being attracted 
by the electro-magnet which is excited by the main 
current. The magnet and spring are so adjusted that 
when the normal current is flowing, both a and b are 
in contact with the left lever, and the current flows in the 
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three shunt paths, R, R^, and A'.j. There will be no cur- 
rent in the arniaturL- dC the regulating motor, since the 
potential at brush x is in\va\ to the ijotential at brush y. 
If now the line current becomes too strong the magnet 
attracts the left lever to it and the contact at n is broken. 




Immediately the current flowing through b divides at the 
brush X, part going through Rt and part t hroiigh the motor 
armature and /',. The motor will then revolve in a given 
direction, and by simple mechanical devices will cut "■■ 
sections of the field windings, and will shift the brushes 
until the normal current is flowing, when ccmtact is again 
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made at a and the controlling motor stops. If the line 
current drops below normal, the spring pulls the lever 
away from the magnet and the contact at b is broken. 
Part of the current then flows from y to x through the 
motor armature. It therefore revolves in a direction op- 
posite to that which it had before. The brushes on the 
dynamo are shifted back again, and more sections of field 
winding are put into circuit. 

In practice the levers and the magnet are mounted on 
the wall or the switch-board, while the regulating motor is 
mounted on the dynamo frame. 

When the current is broken at a or b, there is no serious 
sparking, since there are always two circuits in shunt with 
the break. The whole current of the dynamo does not 
exceetl ten amperes ; and the resistances A', R^, and R^ are 
so proportioned that only a small jxirtion <»f that flows 
through a or b. 

83. The Ball Arc Generator.^ l*'ig. 1 19 shows a double 
armature, automatic regulating constant current generator, 
made by the Ball lilectric Company. Two independent 
circuits, each automatically controlled, can be operated 
from the one machine, since it has two distinct armatures, 
commutators, and regulators. The advantage claimed for 
this arrangement is that the pressure has to be but half as 
high as if the two circuits were united and fed by a single 
armature. Yet if it be undesirable to bring the ends of 
two circuits into the power-house, they can be connected 
in series, and fed by the two armatures also connected in 
series, and then the voltage per armature will be half that 
of a single armature machine giving like results. 

The armatures are of the closed-coil ring type. The air 
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gap between pole faces and armature is short in length and 
great in area, requiring a minimum of magnetic excitation. 
The commutator is built up of a great number of segments, 
the potential between any two adjacent segments not ex- 
ceeding fifteen volts. This assures sparkless commutation. 

This generator is regulated by shifting the brushes until 
pressure of a suitable magnitude is collected. 

A magnetic body placed in a magnetic field will tend to 
rotate until the longest axis is parallel to the magnetic lines 
of force. This principle is applied to the Ball regulator as 
follows : A magnetic portion of the bnish carrier is made a 
part of the magnetic circuit, and is placed in a recess of the 
dynamo frame. It tends to assume an axial position with 
a force varying as the flux through it. As the line current 
increases the flux increases, and the brush holder, which is 
mounted on ball bearings, rotates, shifting the brushes the 
required amount. The impulse to regulate is applied 
directly to the brush holder, in-stead of being communi- 
cated to it by by a more or less complex mechanism. The 
magnetic tendency to shift the brush holder is opposed by 
gravity. 

84. The Thomson-Houston Djrnamo. — The Thomson- 
Houston arc generator is of a type entirely different from 
the other machines here described, not only in appearance, 
but also in method of armature winding and of regulation. 
A view of this machine is given in Fig. 120. Each field 
coil has for its core an iron tube, flanged exteriorly at each 
end to form a recess for the windings, and fitted at the 
armature end with a concave iron piece that surrounds part 
of the armature. This tube, with the flanges and the cup- 
shaped end, is cast in one piece. The farthermost flange 
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of each field core is bolted to a number of wrought-iron 
connecting-rods whicli hold the magnets in place, protect 
the field windings, and take the place of the yoke of other 
machines in completing the magnetic circuit. The mag- 
nets are ntounted on a frame, including legs and bearing 
supports for the armature shaft. 

The armatures of tlic older machines of this type are 
spheroidal in shape, while the more recent ones have ring 
armatures which are mon: rmdily repaired or rewound. 
The winding nf either form of armature is peculiar in that 
only three coils are employed, set with an angular dis- 
placement from one aimther of 120 degrees. In the ring 
armature no difficulty is found in pro(K;rly winding these 
coils ; hut in the old spherical armature tlie following de- 
vice was employed to secure tlie windings, and give each 
of them the same average distance from the i>ole face. A 
hollow spheroidal inm core was keyed on the shaft. The 
core had three mvvs of externally projecting wooden pins. 
Between these pins llie cuils were wound, half of coil A 
being wmind first, then at 120 degrees distance half of coil 
Ji was wound, covering jjiuts of coil A. Then at 120 de- 
grees from hoth A and /J all of coil Twas wound. Over 
this, but in its ])roper angular position, the other half of 
coil B was woimd, and finally the rest of coil A was put in 
place. By this armngement the average distance of each 
coil from the pole face or from the iron core was the same. 
In either type of armature the inner ends of the three coils 
are joined to each other, and arc not attached to any other 
conductor, an arrangement unique in direct current dyna- 
mos. The outside ends are connected to the segments of 
athrce-har commutator, from which the current is collected 
by four copper brushes connected in multiple. 
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Regulation is obtained by shifting, the brushes in the 
following manner. Fig. 121 shows the two possible rela- 




tions between brushes and commutator that may exist at 
any instant. Both brushes of each .set may rest on one 
commutator bar, or the brushes of one set may span the 
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break between two of the bars. These conditions are re- 
peated three times at each brush for each revolution, ff 
the dotted line shows the position where the maximum 
E.M.F. is generated in the coils, then in Fig. \2\a the 
two most active coils are connected in series with the out- 
side circuit, while the coil near the position of least activity 
is out of circuit. In Fig. 121* the two less active coils are 
in multiple with themselves and in series with the most 
active coil and the external circuit. In practice the 




brushes of a set are 60 degrees apart, leaving 1 20 degrees 
between the leading brush of one set and the following 
bnish of the other set ; and since 1 20 degrees is the angular 
measure of the length of a commutator bar, there is no 
coil out of circuit at normal load, two being always in 
parallel and in series whh a third. If the current rise 
above the normal the leading brushes move a small angle 
forward, while the following brushes recede through three 
times that angle. This will shorten the time that a single 
coil gives its whole E.M.F. to the circuit, and will place it 
more quickly in parallel with a comparatively inactive coil. 
But such a movement will reduce the angular distance be. 
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tween tne nearest brushes of the opposite sets to less than 
1 20 degrees, hence the machine will be short circuited six 
times per revolution, since one brush of each set will touch 
one segment of the commutator at the same time. If the 
current in the line falls below normal, then the brushes 
close together, and the time that a coil is in series is 
lengthened, and the time that it is in parallel with an 
inactive one is lessened. 
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The arrangement for moving the brushes is shown in 
Fig, 122. The le.:r'ling b 'shes are shifted forward on an 
increase of current mcrrc; to help avoid sparking. The 
brushes are moved by Ic is actuated by a series magnet 
A. This magnet is nomidlly short circuited by the by- 
pass circuit. On an undue rise of current this circuit is 
broken by the series magnet B. A then becomes more 
powerful, and the levers separate the brushes. While the 
machine is in operation the circuit -breaker C is constantly 
vibrating, and brushes adjusting to suit the load. A high 
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carbon resistance is shunted across C to prevent sparking 
at that point. 

As might be expected, with but three parts to the com- 
mutator and collection made with small r^ard to the 
neutral point, the sparking of this machine is such as to 
speedily ruin the commutator and the brushes, if means 
are not taken to suppress it. A rotary blower is mounted 
on the shaft, and is arranged to give intermittent puffs of 
air, which at the right moment blow out the spark. The 
insulation between the segments is air, considerable gap 
being left between them, and through these gaps the 
sparks are blown. 

85. Western Electric Arc Dynamo. — Fig. 123 represents 
this machine, which is regulated by means of shifting the 
brushes. The brush and rocker are ctmnected by means 
of a link and a ball and socket joint with a long screw. 
This screw is held in position by a nut. When the current 
is normal, both the nut and screw revolve at the same 
rate, and consequently there is no end movement of the 
screw. The brush, therefore, remains stationary. An 
electro-magnet, energized by a coil which is in series with 
the main circuit, attracts an armature whose movement 
towards the magnet is opposed by the action of a spring 
which is susceptible of regulation. When the current has 
too high a value, the electro-magnet attracts its armature 
more strongly than ordinarily. The latter moves toward 
the magnet, and by its movement catches a stop on the re- 
volving nut, and thereby prevents the revolution of the nut 
until the resulting longitudinal movement of the screw has 
shifted the brushes sufficiently to bring the current to its 
normal v'alue. If the current be too weak, the spring 
which is attached to the magnet armature overpowers the 
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electro-magnetic attraction. The resulting movement of 
the armature stops the rotation of the screw and permits 
the rotation of the nut. This results in a longitudinal 
movement of the screw and a shifting of the brushes in 
the opposite direction. The stopping and starting of the 
nut and screw is accomplished through the medium of 




small triggers controlled by the armature of the series 
magnet. The triggers are fastened to a gear rotated from 
the main shaft by a belt. They engage with stops on the 
nut and screw respectively. 

Fig. 124 gives a sectional view of the regulator, and the 
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trigger which engages with the screw is shown at «, and 
the one which engages with the nut is shown at w/. 

Fig. 125 rqirescnts the details of the armature con- 
stnictioti. The latter is ring wound with a large number 
of turns in each section. 



CHAPTER IX. 

MOTORS. 

86. Principle of the Motor Any direct current dy- 
namo will act as a motor if supplied with current from some 
external source. This source may be a constant E.M.F. 
system, a constant current system, or any other system. 
The rotation of the armature is a direct consequence of the 
conditions laid down in § 20. It is evident that if the 
negative and positive terminals of a dynamo be connected 
with the corresponding terminals of some external source 
of supply, the direction of flow in the armature will be 
reversed. Irrespective of the multipolarity of the field or 
of the method of armature winding, the electrcniynamic 
actions between the field and all the currents in the in- 
ductors will conspire to produce rotation in one direction. 

87. Dlrectioii of Rotation. — To determine the direction 
of movement of an inductor carrying a current of known 
direction in a magnetic field of known direction, one may 
employ a modification of Fleming's rule. Thus in a dynamo 
the thumb and two first fingers of the right hand deter- 
mine the direction of induced E.M.F. as shown in Fig. 
1 26. But in a motor the thumb and two first fingers of the 
left hand can be made to determine the direction of motion 
as shown in Fig. 127. 

If in a dynamo the direction of the field fiux be not 
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altered, and if the armature be supplied with a current flow- 
ing in the same direction as when the machine was operated 
as a dynamo, the direction of rotation will be reversed. 
Thus, if the positive brush of a dynamo be connected to 
the positive terminal of an external source of supply, and if 
the negative brush be connected to the negative terminal, 
then the direction of current flow in the armature will be 
reversed. The direction of rotation of the armature, in 
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series-wound machines, since the field flux has its direction 
also changed, will be reversed. In shunt-wound, separately 
excited, and magneto machines, since these do not have 
their fields reversed, the direction of rotation will be //«- 
altered. Compound-wound machines will have the same 
or reversed direction of rotation, depending upon whether 
the magnetizing effect of the shunt coils is stronger or 
weaker than that of the series coils. In a compound gen- 
erator the actions of the shunt coils and the series coils are 
cumulative, i. e., in the same direction ; but when used as a 
motor the actions are differential, i. e., opposed to each other. 
Motors are also wound so as to have cumulatively acting 
series coils. 
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88. Speed Conditions. — If an electric motor be supplied 
with electrical energy, it will vary its rate of rotation until 
it has attained such a speed as will produce an equality be- 
tween the input of energy and the output of energy. The 
latter appears both as useful work and as losses. In the 
case of a motor, speed acts toward electrical energy like 
temperature in the case of heat energy. Temperature 
always rises until the heat energy which is produced is 
equal to the heat energy which is disposed of by con- 
duction, convection, and radiation. 

The electrical energy which is communicated to a motor 
is transformed, a^ into useful mechanical energy, which is 
taken from the armature shaft either by a belt or by direct 
connection ; by into friction at the bearings and at the 
brushes ; r, into windage ; d^ into foucault and eddy currents; 
and finally ^, into ohmic heat energy in the motor's electrical 
circuits. The energy required per unit of time to overcome 
friction, windage, hysteresis, and foucault and eddy currents 
increases as the speed of rotation increases. Nearly all 
practical loads put upon a motor — machinery in one form 
or another — require an increase of power for an increase 
of speed. Therefore, if a given amount of electrical power 
be communicated to a motor under load, the armature will 
assume some speed of rotation, so that a balance between 
the input and the output of energy is maintained. 

89. Counter E,M,F, — If the variation of losses and useful 
energy with the speed were the only conditions governing 
the speed, then there would result in practice variations of 
speed through enormous ranges. But there is another con- 
dition affecting the speed. The armature, by varying its 
speed, not only governs the rate of expenditure of energy, 
but also governs the amount of electrical energy received. 
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The armature of a motor revolving in a field under the 
influence of supplied electrical energy differs in no respect 
from the same armature revolving in a field under the in- 
fluence of sii|)plied mechanical energy. There is an E.M.F. 
generated in it which is determined by the speed and quan- 
tity of flux. For the same speed and the same flux there 
would be generated the same E.M.F. in the case of a motor 
as in the case of a dynamo. The direction of this E.M.F. 
is, however, such as to tend to send a current in a direction 
opposite to that of the current flowing under the influence 
of the external supply of E.M.F., according to § 87. 
Therefore this pressure which is induced in the armature of 
a motor is called counter clcclro-motivc force. The current 
which will flow through the inductors of an armature is 
therefore equal to the difference between the supply E.M.F. 
and the counter F..M.F. divided by the resistance of the 
armature, or ,, ,, 



For example, an unloaded i k.w. shunt motor having an 
armature resistance of i ohm, when connected to a con- 
stant source of potential supply of 100 volts, would not take 
a current of loo amperes as dictated by Ohm's law, unless 
its armature ivere clamped so as to prevent rotation. If 
imclamped, its armature would assume such a speed that it 
would have induced in it a counter E.M.F. of say 97.5 
volts. The current then flowing in the armature would be 



The power represented by this current, viz., 2.5 X 100 
watts, would all be expended in overcoming the losses of 
the machine. 
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90. Armature Reactions. — Since in a motor, for a given 
direction of rotation and flux, the current in the armature 
flows in a direction contrary to that 

which it would have as a dynamo, 
therefore the effect of the motor 
armature cross turns is to skew the 
field against the direction of rotation, 
as in Fig. 128. Tnis increases the 
magnetic density in the leading pole 
tip, and decreases it in the trailing , 
tip. This necessitates, for sparkless 
operation, a backward lead, or a lag, 
of the brushes. If the brushes were 
in the same place as when the ma- 
chine was oi>erated as a generator, 
the direction of armature current 
having been reversed, then the de- 
magnetizing or back turns of the 
generator would become magnetiz- 
ing turns for the motor ; but with the brushes shifted to 
a position of lag, then the motor has also demagnetizing 
or back turns. 

91. Efficiency — In a compound-wound motor connected 
to a constant pressure supply, 

Let R^ = resistance of shunt field coils, 

JPa+, = resistance of armature plus that of the series field 
coils, 
V-^ number of revolutions per minute, 
7*=* torque given off at the pulley in pound feet, 
E = supply voltage, 

/, s= no-load armature current in amperes, and 
/ = armature current when torque T is yielded. 
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_, „ . useful power output 

The efficiency = -, . — f — — - . ■ — ■ . 

■ electncal power input 
hence, 



The useful power can be expressed as the difference 
betv/een the power input and the losses. Now at no load, 
when there is no useful power output, the following rela- 
tions exist : ^j 

£/, + —- = power input, 

and 

A'-^a+. = /"= power in the armature and series coils. 
Assuming the friction, the windage, the foucault current, 
and the hysteresis losses to be constant and the same as 
at no load, we have for their value a constant loss = the 
no-load power input — the variable loss. 
Hence, 

The constant loss = Pjt= EI,^ P^- P', 
where ^ 

P^ = loss in shunt coils = -=-■ 
■"a 

The efficiency under load will therefore be 

^ Ei-Pf~/'ji,^. 

£/ + P^ 
In a shunt motor ^a+. represents the armature resistance 
only; hence, 

El-Pf- rR. 



£/+P^ 
In a series motor Pj, = o ; hence, 

_ EI-P^-I^R„^ 
'~ EI 
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In the first of these three expressions for efficiency) 
solving foT that value of / which will give a maximum effi- 
ciency, we have 
di. __ {EI->fP^{E - a /j?„.„) - {EI-Pf-I*Ii,^.)E _ 



dr 

whence 



MI^F^ 



= \/^^ 



Fig. 129 gives a set of curves indicating the perfonn- 
anice of a motor whose fixed losses are large. Fig. 130 
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gives a set of curves for an exactly similar machine save 
that the fixed losses are smaller. They might be con- 
sidered as taken from the same machine as the first, but 
with journals better oiled, and hence with less friction loss. 
The difference in the efficiency curves is noticeable. 
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Abscissae in all cases reijrcsent power input. The ordi- 
nate of P at any given load shows the power input at that 
load. The coTistant ordinate of F represents the power 
consumed by the fixed losses, which is constant for all 
loads- The ordinates of V, measured from F, follow the 




law PR„.Y„ and represent the \-ariable loss at various loads. 
Therefore the tiUal loss for any load is represented by the 
' total ordinate of /''at that load. The difference between 
the ])ower input and the losses gives the useful power, 
which is represented by the difference of the ordinates of 
useful power 



/•and /' The values of the ratio -'-- 



for each 



power input 

load are plotted in the efficiency cur\'e. Comparing the 
curves of the two machines, it is seen thai to get a high 
efficiency at full load the variable loss must be kept small, 
while to obtain a good clliciency at small loads, the fixed 
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losses must be made small. The shape of the efficiency 
curve can be controlled by a proper adjustment of the 
relation which exists between the fixed and the variable 
losses. 

92. Starting Rheostats. — When the armature of a motor 
is at rest there is no counter E.M.F.; and at the instant of 
closing the circuit a destructive current would flow if a re- 
sistance were not first inserted in the circuit, except in the 
case of very small motors whose armatures have small 
moments of inertia. As the speed increases the resistance 
can be lessened without allowing too severe a current to 
flow, and when full speed is obtained the resistance must . 
all be cut out to avoid loss. In order that counter E.M.F. 
may be generated from the start, the shunt field circuit 
must first of all be closed. These ends are obtained by the 
use of a starting-box or rheostat, the wiring of the ordinary 
type of which is shown in Fig. 
131. Its main feature is a con- 
tact arm pivoted at its center, 
and revolving through almost 
180°, making various contacts. 
This arm is connected to one 
terminal of the supply as shown. 
As it is slowly turned on, one 
end of it first makes a connection g. 
which completes the shunt field 
circuit. Then the other end 
makes a contact which closes 
the armature and series coils 
through the maximum resistance 
of the starting-box. As the 
speed increases, the revolving 
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arm is made to cut out the resistance, piece by piece, until 
it is finally all out of the circuit and the machine is run- 
ning independent of the starting rheostat. 

Fig, 132 shows such a starting-box as made by the 
Crocker Wheeler Company. The brass contact points 
and the arm are mounted 
on a slate slab, which 
sen'es as the top of an 
open-work cast-iron box 
which contains the resist- 
ances in the form of spiral 
coils of bare wire. The 
wire is generally either of 
German silver or of some 
one of the special iron 
alloy resistance materials. 
A shunt motor may 
have its armature coils 
destroyed by an excessive 
rush of current resulting from a dropping or ceasing alto- 
gether of the supply voltage followed by a sudden renewal 
after the speed of the armature has fallen. These condi- 
tions may arise through accidents to mains or because of a 
too heavy load on mains of insufficient cross-section. An 
armature may also be burned out by an excessive cur- 
rCTit due to ovei'loading the motor. The resulting lower- 
ing of its speed is accomiwnied by a corresponding lowering 
of the counter E.M.F. Again, a too high supply voltage, 
which might result from some cross or other accident might 
cause a destructive rush of current. To meet these condi- 
tions, starting rheostats are often made with attachments 
for opening the circuit on no voltage or low voltage, and 




172 



DYNAMO ELECTRIC MACHINERY. 



Others with attachments for opening the circuit on m'erload. 
Some have both attachments, but it is modem practice to 
remove the overload attachment from the starting-box and 
put it on the switchboard. Fig. 133 is a diagram of the 
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wiring of a starting rheostat for a shunt motor with auto- 
matic release and low-voltage attachment. Fig. 134 gives 
a front view of this same instrument. When the starting- 
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handle is placed in the "on " position, the magnet in the 
field circuit holds it there, althougli a spring tends to throw- 
it back. If now, because of low voltage, the current in field 
and magnet becomes weak, the magnet is no longer able to 
detain the handle, and the spring throws it to the "off" 
position, where it stays until the motor is again turned on 
by aji attendant. 

Figs, 135 and 136 show a view and a diagram of the 
wiring of a rheostat with both release and overload attach- 
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ments. The former is similar to the one just described, 
while the overload attachment consists of a magnet in the 
armature circuit which on overload becomes strong enough 
to attract to itself a pivoted iron arm supplied at its end 
with a device which short circuits the field current around 
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the release magnet. This causes the latter to let the 
starting-handle drop as in the case of low voltage. 

93. Characteristic Curves of a Shunt Motor — A shunt 

motor, having a small K^ and a large R^, and having the 
field well saturated, will give a fairly constant speed under 
all loads, if supplied from a constant pressure circuit. 
This is shown by the curves in Fig. 1 37, which are from 
a bipolar, shunt-wound, 10 horse-power, 230-volt Crocker 
Wheeler motor. 

A shunt motor when 
started cold on no load 
quickly arrives at a siwed 
which then gradually 
rises to a maximum. The 
gradual heating of the 
field coils increases their 
resistance. This allows 
less current to flow in 
them, and the resulting 
magnetic flux is less. 
_., Therefore the armature 

Fig. 137. 

must rotate faster to gen- 
erate the same counter E.M.F., as explained in § 8g, 
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94. Compound-Wound Motors In silk-mills and other 

textile factories where any slight variation in the speed 
affects the character of the manufactured product, com- 
pound motors give a satisfactorily constant speed. The 
object of the compounding coils is to weaken the flux in 
the armature as the load increases. If, at a given load, 
under the influence of shunt excitation alone, the speed 
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would fall a certain per cent of the speed at no load, then 
the armature flux must be lessened by the same percentage 
in order to bring the speed up to its original value. In 
calculating the number of series turns, account must be 
taken of the fact of 
magnetic leakage, 
since the regulating 
coils are on the field 
magnets and not on the 
armature direct. Cu- 
mulatively compound- 
wound motors are used 
in order to obtain a 
large starting torque. 
The influence of the 

series coils is not very great after full speed has been 
attained. 
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95. Hand Speed Regulation. — A rheostat placed in the 
field circuit of a shunt motor can be used to vary the 
speed of the motor at will, as in Fig. 138. An increase 
of the resistance will decrease the current in the field 
coils. As a result the armature magnetic flux will decrease 
and hence the speed will increase. If the fields be pretty 
well saturated, it will require a resistance of some con- 
siderable size, say twice as large as the field resistance, to 
cut the current down enough to materially reduce the 
flux and increase the speed. Motors of older make seldom 
had fields magnetized anywhere near saturation. There- 
fore they are very susceptible to the slightest change of 
resistance in their field circuits. If the demagnetizing 
armature ampere turns be large, it is possible for a motor 
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to increase its speed under increase of load. This is due 
to the decrease of armature flux. 

g6. Speed Regulation by Series Resistances. — The 
speed of a motor on a constant pressure circuit can easily 

be varied over a wide range, 
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Fig. »39. 



from rest to full speed, by 
manipulating a resistance 
in series with it. The uf.e 
of this method is not to 
be advised save for ex- 
perimental purposes, since 
it is very wasteful of en- 
ergy. The P R loss in 
the regulating resistance 
is sometimes considerably 

more than the power actually used. Fig. 139 shows the 

wiring for this style of regulation. 

97. The Leonard System of Motor Speed Control This 

system is especially advocated for use in operating elevators, 
cranes, battleship turrets, and all equipments requiring a 
thorough control of the speed and precision of stoppage. 
Fig. 140 show\s the arrangement of such a system. M is 
a motor whose field is separately excited all the time from 
a source of constant potential, /:. ^ is a dynamo which 
generates power for the armature of motor Af. The arma- 
ture of the dynamo G is maintained at approximately con- 
stant si)ced by the i)rime mover 5, which may be a steam 
engine or a motor run by power taken from the source E. . 
The generator G is separately excited by current derived 
frorri E and controlled by the reversing rheostat C, 
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When it is desired to start the motor, the field of the 
generator is weakly excited by moving the controller so 
that a high resistance is in circuit with the field. This 
causes the dynamo to send current of low potential to the 
armature of the motor M. The latter then starts to move 
slowly. To accelerate the speed, more resistance is cut 
out of the controller. The pressure of the current supplied 
to the motor armature simultaneously increases and with 
it the motor's speed. Since the power represented by 
the current required to excite the field of G is at most 
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but a small fraction of the useful power given out by the 
motor, the /^ R loss in the resistance C is very much less 
than would be the loss in a series regulating resistance as 
described in the last section. It is claimed that the extra 
first cost of this system is offset by the decreased cost of 
repairs, since violent stresses and bad sparking are avoided 
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98. Slow-Speed Motors. — It is a practical advantage to 
have a motor connected directly to the machine it is to 
operate, without the intervention of belting or reducing 
gears. Slow speed is also of advantage where absence of 
jarring is desired or where many stops and starts are to 
be made. Slow speed can always be obtained from an 
electric motor; but it is generally expensive, since the 
natural speed of motors as well as of dynamos is high. In- 
crease of magnetic flux and increase of armature diameter 
is necessary to obtain slow speed. The increase of ma- 




terial increases both the first cost and the losses during 
operation. 

The power of a motor is its torque or turning moment 
multiplied by the number of revolutions; hence for the 
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same output of work, a machine making half as many 
revolutions as another must have twice the turning mo- 
ment. These conditions make it imperative that the ma- 
terials of construction, both iron and copper, be worked at 
maximum magnetic and current densities respectively, in 
order to economize in first cost and weight. In general 
the efficiencies of low- 
speed motors do not 
compare favorably 
with those of motors 
having a higher speed. 
Fig. 141 is a cut of a 
Crocker Wheeler eight- 
pole, direct current 
motor for direct connec- 
tion. It will furnish 2 
horse-power at 100 rev- 
olutions per minute, 4 
horse-power at 200 /i. 
P.M., and the quotient 
of its speed per minute 
by its full load horse- 
power is equal to the 

constant quantity 50. Its efficiency increases as the 
speed according to the curves shown in Fig. 142. 
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99. Brake Motors. — For cranes, elevators, and hoists, 
where it is necessary to hold the load after raising it, and 
for looms and printing-presses, where it is Important to 
secure a sudden and accurate stop instead of a gradual 
slowing down, it is desirable to use motors with a brake 
attachment. A brake operated by hand or foot requires 
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careful operation lest it be applied too soon and injure the 
machine, or tuu late and allow the load to fall some ; hence 
an automatic brake is desirable. 

I'ig. 143 shows the construction used by the Crocker 
Wheeler Company. One of the pole pieces is pivoted at 
its base, and thus has a slight motion to or from the arma- 
ture. It is normally held from the armature by a heavy 
coil spring, aiid in this position tightens the brake band. 
The moment that current is allowed to pass through the 
field coils, the poles attract each other, overcoming the 




resistance of the spring, and the brake band is thus loosened. 
The spring and band may be adjusted to allow a few revo- 
lutions before stopping, or the armature may be clamped 
the instant current is turned off. In the latter case, if 
connected to heavy machinery, shafting or gearing may be 
broken. 

Strap brakes arc cumulative in their action ; the friction 
on the free end of the brake against the drum tightens 
the whole brake, thus increasing its effect. This action is 
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only obtained when the motion of the drum is away from 

the fixed end. To obtain powerful brake action, therefore, 

on motors that run either way, 

as in elevator motors, a reversing 

brake is employed. This is op- 
erated by the movement of one 

pole piece as before, but the ends 

of the brake band are attached 

to a system of links and levers 

so that either end may become 

the fixed end. This construction 

is shown diagrammaticallyin Fig. 

144. When the brake is applied, 

the friction causes the whole "*' ^**' 

band to follow the drum until the sliding link attached to 

one or the other end of the band is held by the stud. The 
other, or free, end of 
the band, is tightened 
by the pull of the lev- 
ers on one of the 
smaller straps attach- 
ed to the brake band 
as shown. Fig. 145 
shows a one horse- 
powerCrocker Wheel- 
er motor fitted with 
reversing brake. 

In multipolar ma- 
chines it is imprac- 
ticable to employ a 
moving piece, and in 
large bipolar ma- 
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chines it is undesirable to interrupt the magnetic circuit 
by a pivot joint ; bence a solenoid brake is employed. This 
is simply a spring actuated friction brake kept nonn- 
ally in engagement. On current being supplied to the 
machine a solenoid acts to release the brake. The opera- 
tion of this type is clearly seen by inspecting Fig. 146. 




An objection to this type of automatic brake is that it 
consumes electrical niL-rgy ail the time that the machine is 
in motion. 



loo. Recording Meters. — The recording watt -hour meter. 
Fig. 147, is coming into extensive use, both as a station in- 
strument and as a measurer of the quantity of energy 
supplied to individual consumers. It is a very delicately 
adjusted compoimd-wouud motor, having no iron in its 
magnetic circuit. When a current flows, the time integral 
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of the watts or power is registered, by means of a train of 
wheels operated by the armature, on a dial similar to that 
of a gas-meter. The connec- 
tions for such a meter are 
shown in Fig. 148. The ar- 
mature is connected in series 
with a high resistance across 
the service wires; hence the 
current flowing in the anna- 
ture is proportional to the 
volts of the supply. The 
field coils are in series with 
the service, giving a field 
strength proportional to the 
current, and the motor effort "*' *"' 

is proportional to the product of the two or to the watts 
supplied. The shunt field coils are added to compensate 
for the friction of the moving parts. Since a small cur- 
rent is always flowing in the armature, as well as in the 





shunt field coils, the motor is always slightly excited, and 
by regulating the number of shunt turns the amount of 



l84 DYNAMO ELECTRIC MACHINERY. 

this excitation is adjusted so that at no load on the service 
wires the armature almost, but not quite, moves. If it 
were not for this constant excitation, a small, though 
continuous, current could be drawn off the mains without 
operating the recording mechanism because of its friction. 
To control the speed a copper disk is mounted on the 
armature shaft and between the poles of two or more 
adjustable and permanent horseshoe magnets. When the 
armature revolves, r\)ucault currents are set up in this 
plate, and cause the proper retardation. By moving the 
poles of these horseshoe magnets from the center to the 
circumference of the disk, a variation of about i6 per cent 
in the speed for a given watt consumption can be eifected. 
Advantage is taken of this fact in adjusting the instru- 
ments. The more important bearings are constructed of 
jewels, such as are used in watches, and the whole machine 
is carefully protected from dust. When the instrument 
is in a position where it is subject to jars or vibrations 
that reduce the friction of standing to such a jx)int that 
the constant excitation causes the armature to revolve a 
little, the machine is said to "creep." The remedy is 
to mount on a rubber or other non-vibrating base, or to 
reduce the number of shunt field turns. 
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CHAPTER X. 

SERIES MOTORS. 

loi. Series Motors. — When subjected to a heavy load on 
starting, that is when there is a heavy current at a very low 
speed, a series-wound machine is far superior to one that is 
shunt-wound. For work that requires good effort at widely 
different speeds the series motor is particularly adapted. 
For this reason series-wound machines are used on electric 
railways, for crane motors, for ammunition and other hoists, 
for mill motors, and in all other places where a good effort 
is required at a varying speeds. A series-wound machine 
can be used on either a constant current circuit or on a con- 
stant potential circuit ; but a series motor is seldom run on 
a constant potential circuit unless it is directly or very 
solidly coupled with its load, as in the case, for instance, 
of a railroad motor. If connected by means of a belt, 
and if the belt should break off or slip off, the motor would 
race and damage might result. This difficulty does not 
present itself when series motors are used on a constant 
current circuit. 

102. Series Motors on Constant Potential Circuits. — As 
in the case of a shunt motor, on a constant pressure 
circuit, the armature speed of a series motor will increase 
until it reaches a value where the counter E.M.F, cuts 
down the armature current to such a point that the total 
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electric power, {/£), received by the motor, is equal to the 
sum of the fixed losses, the variable losses, and the useful 
mechanical power. With a shunt-wound motor, a very 
small variation of speed is sufficient to compensate for a 
wide variation of load. A series motor tends to increase 
its speed on removal of the load, as in the case with shunt 
motors. It in this manner increases the counter E.M.F. 
The resulting decrease of current results, however, in a 
weakening of the field, 
and as a consequence ad- 
ditional speed is required 
to maintain the E.M.F. 
Thus a small change in 
load results in a wide 
change of speed in a series 
motor. For a series- 
wound mill motor, the 
relations which exist be- 
tween speed, current, and 
useful torque (turning mo- 
ment) are shown in Fig. 
149. There is also given 
a curve of the efficiency of the machine including gear- 
ing. It is evident that if, while the motor is at rest, 
the circuit be closed, an enormous rush of current would 
occur, giving an enormous torque. Destructive heating 
and sparking would probably result. To prevent damage 
it is therefore necessary, in the operation of these motors, 
to insert a series resistance at the start which may be cut 
out after the speed has risen enough to give a sufficient 
counter E.M.F. In practice controllers are used as de- 
scribed later. 
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103. Railroad Motors. — Experience has shown that 
series motors operating on a constant potential circuit of 
550 volts, furnish a very satisfactory motive power for the 
propulsion of trolley street-cars and electric railroad motor- 
cars. At the time of this writing there are nearly two 
million horse-power of street-car motors in service in this 
country. The railway motor has been developed to a high 
degree of perfection during recent years, and is reasonably 
well fitted to meet the many requirements that are found 
in this service. A railway motor must be mechanically 
strong to withstand the excessive hammering to which it 
will be subjected when in service. Rough tracks and bad 
switches are usual in trolley road beds. When satisfactor- 
ily geared to the wheel axle, the motor can be suspended 
by springs on one side only, the other side being of neces- 
sity mounted directly on the axle. Railway motors are 
also subject to abuse at the hands of the motormen. The 
series resistance is often cut out rapidly before the car has 
an opportunity to accelerate. As a result there is an enor- 
mous current and torque with little speed. This severely 
strains the motor and is particularly liable to disturb the 
armature windings. The motor must be either weatherproof 
of itself or incased in a weatherproof shell, because of the 
mud, the water and the slush through which cars must 
often run. Furthermore a railway motor should permit of 
quick, convenient, and accurate alignment of parts and 
adjustment of the intermediate driving mechanism. 

The method of suspending the motors from the trucks 
is a matter of considerable importance. In practice four 
styles of suspension are used, viz., the side bar, the cradle, 
the nose, and the yoke suspensions. In every case one 
end of the motor frame contains bearings which run on 
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the wheel axle and keep the pitch circle of the armature 
shaft pinion always tangent to the pitch circle of the gear 
which is mounted on the axle. The side-bar suspension, 
shown in Fig. 1 50, consists of two parallel side-bars which 
are mounted on the truck through heavy springs, and 
which support the motor in the line of its center of gravity. 
The motor-axle bearings are thus relieved of the weight of 
the motor, and the latter is held without undue strains. 




The cradle suspensi'm. Fig. 151, is very similar to the side 
bar, the difference being that the two side bars are replaced 
by one U-shapcd piece. This, at its cur\'ed end, is mounted 
flexibly on a part of the truck frame which in turn is 
mounted on the truck through springs. The nose suspen- 
sion, Fig. 152, does not hold the machine at its center of 
gravity, but part of the weight is thrown on the motor- 
axle bearings. The rest is suspended from a spring- 
mounted member of the truck by a link, bolted to a " nose" 
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cast in the motor frame. The yoke suspension, which is 
the least flexible of all, differs from the nose suspension in 
that the link is dispensed with and the spring-supported 
member of the truck is bolted rigidly to the motor frame. 
The cradle-suspension type is advocated by the Westing- 
house Company, the yoke or nose by the General Electric 
Company. The size or style of truck frequently requires a 
particular type of suspension. 




««. 154. 

A GE-67 railway motor, made by the General Electric 
Company, is shown in Figs. 153 and 154. This machine 
will develop 38 horse-power when operated on a soo-volt 
circuit without heating more than 75° C. above the sur- 
rounding atmosphere after one hour's run. The magnet 
frame is hexagonal, with rounded comers, and is cast in 
two pieces from soft steel of high permeability. The 
parts are hinged together so that the lower part may be 
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swung down for inspection or repairs (Fig. 155), The up- 
per part has cast on it two lugs, shown clearly in Fig. 153, 
pierced with two holes each for bolting to the yoke. Nose 
suspension can, however, be substituted. A covered opening 
over the commutator permits removal of the brushes with- 
out disturbing the rest of the machine. The bearings, 
both for armature shaft and for axle, consist of cast-iron 




rings or shells, with Babbitt metal swaijcd into them, and 
are arranged for lubrication by biilh oil and grea.se. The 
oil is supplied to the shafts by folt wicks leading from oil- 
wells. The grease is fed through a slotted opening in the 
top of each bearing from a grcaHC-bo.t directlj- over each 
bearing, and means is pro\-ided for the passage of the 
lubricant from the bearing after it has been used. The 
armature bearings are 3" x 8" at the pinion end and 2^" x 
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6 J" at the commutator end. The motor-axle bearings are 
each 8" long. The pole pieces are built of soft iron lam- 
inations, riveted together, and are securely bolted into 
place on the magnet frame. The coils are spool wound, 
and are held in place by steel flanges. These magnetically 
imperfect constructions are rendered necessary by the 
severe service the machine is expected to stand. 

The armature is built up of thin, soft iron laminations, 
japanned, and keyed to the shaft. At each end is a cast- 
iron head, also keyed to the shaft. The core is hollow, 
ventilation being effected by air which enters at the pinion 
end and passes out through ventilating ducts left in the 
laminations. The winding is of the series drum type, 1 1 1 
coils being used, which are connected to a commutator of 
1 1 1 segments. The number of turns to a coil depends 
upon the class of service the motor is to render. The 
coils are made up of sets of three, each set being sepa- 
rately insulated before being placed in the slots. The 
coils are firmly secured in place by tinned steel wire bands 
held by chips and soldered together. Where the windings 
cross the ends of the core, they are protected by canvas. 
On the pinion end, a projecting flange protects the wind- 
ings from injury by careless handling. The brushes slide 
radially in finished ways in a brass brush holder, and 
are held in contact by independent pressure fingers. All 
the leads to the motor pass through rubber-bushed holes 
in the front of the magnet frame. The pinion has a taper 
fit on the armature shaft. It, as also the gear on the axle, 
is made of steel, and has teeth of 4^' face and 3" pitch. 
When mounted properly on a truck with the ordinary 33- 
inch wheels, there is 4^" clearance between the bottom of 
the motor and the top of the rails. The shapes of the 
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different parts of this motor are well shown in the exploded 
Fig. 156. 

A motor for railway service, very similar in design to 
the one just described, is No. 49, made by the Westing- 
house Electric and Manufacturing Company. This motor, 
shown in Fig. 157, has a weather-proof cast-steel frame, 
hinged to open in a horizontal plane through its center, 
and having a hand-hole above and one below the com- 
mutator. The upper half is cast with lugs for side-bar or 
cradle suspension, and also with a lug for nose suspension. 
The pole pieces are of laminated soft iron, are four in 
number, and are secured to the frame by having the latter 
cast around them. The lathe-wound field coils are secured 
on the pole pieces by brass castings, which are bolted to 
the frame. 

The armature is of the slotted drum type, having a 
laminated core with three ventilation passages parallel to 
the shaft. The coils are wound on formers, insulated in 
sets of two, and then applied to the core. This armature 
is constructed as light and as small in diameter as is prac- 
ticable, for the double reason of decreased centrifugal 
strain on the armature coils and decreased wear on the 
parts in stopping the car. When the motor is started, 
energy is stored in the armature and other revolving parts, 
as in a fly-wheel ; and when the car is stopped, this energy 
is wasted, and causes wear and tear on the pinions and 
bearings. In street-car service, where stops are frequent, 
this loss and this wear is by no means inconsiderable. 
Hence the armature of a street-railway motor should not 
be built with a great fly-wheel capacity. The high speed 
of car-motor armatures makes the operating expenses for 
car acceleration and retardation considerable. 
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104. Controllers. — It is general practice to equip each 
trolley car with at least two motors, and to regulate 
the speed of the car in the following manner : First, the 
two motors and a resistance are connected in series. The 
resistance is then cut out step by step until the two motors 
are operating in series on 500 volts. Since, with all the 
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resistance cut out, there is no unnecessary I^R loss, this is 
called a running connection, and the controlling mechanism 
is said to be upon a ninning point. To further increase 
the speed, the motors are placed in parallel with a resist- 
ance in series with both. This resistance is then cut out 
step by step until the motors are each operating on 500 
volts. This, again, constitutes a running connection. A 
further change is sometimes effected by placing a small 
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resistance in shunt with the fields when all the series re- 
sistance is out. This reduces the field flux, and causes a 
higher armature speed to maintain the necessary counter 
E,M,F, A car governed in this way has four running 
connections. On heavy cars, such as are used in elevated 
railway or inter-urban service, four motors are used on 
each car. In this case, the motors are governed in two 
series-parallel combinations, as if there were two separate 
cars governed by one controller. The connections for a 
twomotor car having nine speeds, a three-part series re- 
sistance, and a field-shunt resistance, are shown diagram- 
matically in Fig. 158. 

The different connections are made by a motorman, who 
operates a handle on top of a controller. Each different 
combination is called di point or a notch, A pointer affixed 
to the controller handle indicates at what notch the car is 
running. Running points are indicated on the controller 
top by longer marks than the resistance points. A con- 
troller is almost invariably placed at each end of the car. 

Fig. 1 59 shows the interior of a General Electric 
Company's k-io scries parallel controller. The wires 
from the trolley, from the fields, from the armature, and 
from the different terminals of the series and shunt re- 
sistances are brought up under the car to terminals on a 
connecting-board in the bottom of the controller. On 
this connecting-board there are also switches, one for each 
motor. These enable one to cut out an injured motor 
without interfering with the operation of the other motor 
or motors. From the connecting-board conductors are 
run to terminals, called fiiigcrs or wipes. Mounted on an 
insulating cylinder, which may be revolved by the con- 
troller handle, are insulated contact pieces, which at various 
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aiit,'ular positintis of tin; cylinder niako electrical coniicc- 
tiuiis between \'arious wipes, and give the proper con- 
nections for the various "points" or "notches." A 




smaller cylinder connected to a reversing-lever, is situated 
to the right of the main cylinder. This has contact pieces 
which are arranged so as to enable the motorman to re- 
verse the direction of rotation of both motors or to cut 
them out entirely. Interlocking devices are supplied so 
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that the reversing handle cannot be moved unless the col 
trolling handle is in such a position that connection with 
the trolley is broken. The controlling handle also cannot 
be moved, if the reversing handle is not properly set either 
to go forward or to go backward. The reversing handle 
cannot be removed from the controller, save when the 
smaller cylinder is in the position that cuts out both motors. 
As serious arcs are liable to develop upon breaking a 
circuit of 500 volts, the contact pieces and wipes are sepa- 
rated from adjacent ones by strips of insulating material 
which are fastened to the inside of the controller cover, 
and which fold into place when the cover is closed. These 
are to be seen at the right of the figure. The power 
should never be turned off by a slow reverse movement of 
the controller handle, as destructive arcs are liable to 
occur upon a slow break. To lessen the speed of a car, 
the power should be completely and suddenly shut off. 
Before the car has slackened its speed too much the con- 
troller handle can be brought up to the proper point. The 
arcs, which form upon disconnection at the fingers, are 
pretty effectively blown out by the field of an electro- 
magnet whose coil is above the connecting-board at the 
right. 

105. Motors For Automobiles. — For electric automo- 
biles the series-wound motor is invariably employed. A 
storage battery of 40 or 44 cells is the customary source 
of power for these motors. The use of these cells affords 
a convenient and economical means of speed control. In 
the case of a single motor, for the first controller notch, 
the cells may be connected in four-series groups of 10 or 
1 1 each, giving about 22 volts, the four groups being con- 
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n cted in parallel. Other notches would correspond to 
other series parallel combinations, and finally the last and 
highest speed notch would correspond to a connection of 
all the cells in series. By this arrangement one cell is 
used just as much as any other, and they are discharged at 
equal rates. As the voltage supplied to the motor is 
varied without recourse to a series regulating resistance, 
there is no useless I'^R loss in starting or running at less 
than full speed. Often a series parallel control is employed 
when two motors are used. It is also common to use two 
37i volt motors connected permanently in series and con- 
trolled as one motor. 

The advantage of using two motors on an automobile is 
that each may drive a wheel, allowing independent rota- 
tion on turning curves, while if one motor only is used 
some form of differential gear must be employed to allow 
for sharp turns. But the efficiency of one motor is in 
general greater than the efficiency of two motors of half 
the power, and the gain in efficiency by using one motor 
more than balances the cost and complication of a differ- 
ential gear. 

The question of efficiency in these motors is of great 
importance, for practice has shown that it is profitable to 
purchase i per cent efficiency, even at the cost of lo per 
cent increase of motor weight. This is because the ratio 
of the battery weight to the motor weight is such that a 
decrease of i per cent in the capacity of the battery re- 
duces its weight more than lo per cent of the motor 
weight. Since lightness is a prime object, only the very 
best materials can enter into the construction of a suc- 
cessful automobile motor. The magnetic circuit must be 
of material of the highest permeability. Ball bearings are 
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not infrequently used in the shaft bearings, but their lia- 
bility to wear and the consequent regrinding is an objec- 
tion. 

It is general practice to rate these motors at 75 volts, or 
37i volts if two are used. Since 40 or 44 cells of battery in 
series can fall to 75 volts without injury, this is the lowest 
pressure on which the motors will be expected to run for 
any length of time at full speed. Hence this voltage is 
used as the basis for rating. For the best motors the 
rating is for a temperature rise of 50° or 60° C. on an in- 
definite run. A motor so rated will carry 100 per cent 
overload for half an hour, 150 percent for ten minutes, and 
a momentary overload of 400 or 500 without overheating 
or damage to the insulation. 

The battery of 40 or 44 cells is well adapted to automo- 
bile purposes. It can conveniently be made to have the 
required capacity, and it may be charged from any 115- 
volt direct current, incandescent lighting circuit with very 
little resistance in series and hence a small I'^R loss. 

Although the voltage of these motors is somewhat low 
for the use of carbon brushes, the necessity of reversal of 
direction and the liability of sparking on over-load make 
their use desirable. Soft carbon brushes of low resistance 
can, however, be obtained, and they are to be recom- 
mended. 

Fig. 160 illustrates a .motor which is used on automo- 
biles and manufactured by the Eddy Electric Manufacturing 
Company. It is a four-pole machine. The frame is ring 
shape and made of cast steel. The pole pieces, also made 
of cast steel, are fastened to the frame by bolts and 
steady pins. The armature is wound with formed coils 
which are cross connected, and therefore require but two 
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sets of brushes. These brushes are made accessible by 
the existence of a window in the end plate. A pinion 
which is mounted upon the armature shaft meshes with 
an inside gear placed upon the wheel of the vehicle, A 
recess in the exterior of the magnet frame is fitted to re- 
ceive some part of the frame of the vehicle. Clamps for 
fastening to this frame are provided to suit the charactor of 
the vehicle. The motor is intended to be operated on 75 
volts, and is rated at 1.6 horse-power, at the speed of 1400 
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revolutions per minute. Its weight is 142 lbs., and it 
has an efficiency of 79! per cent at full load. At 100 per 
cent over-load it has an efficiency of 76J per cent, and at 
150 per cent over-load an efficiency of T^, per cent. 

106. Hill Motors For many kinds of mill work re- 
quiring great torque at low s|K.'ed, reversibility, and wide 
variation of speed, the series-wound motor is well adapted. 
Since mill motors are to be used in places where dust, 
grit, and small particles of metal arc apt to be floating in 
the air, it is necessary, to insure good continuous operation, 
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that they be inclosed after the fashion of railway motors. 
Mill motors differ from shunt-wound machines in that they 
are capable of giving a turning-i>ower, when slowed down 
or started from rest, many times as great as that given 
at full speed. 

Fig. i6i shows a Crocker Wheeler mill motor, and Fig. 
162 shows the same disassembled. It is a bipolar drum 
armature machine, designed for about Soo R.P.M., and 
giving without overheating an intermittent horse-power of 
14 or a continuous horse-power of 5. 
It is rated in this way, since fre- 
quent stops and starts are expected 
in the use of such a motor. The 
hatter a motor gets during an in- 
terval of use the more it will cool 
off during an interval of rest. Of 
course an inclosed motor such as 
a mill motor heats up much more 
rapidly and severely than does an 
open motor where the air circulates 
around the fields and the armature. 
Since these motons are reversi- 
ble the brushes can have no lead. 
Sixirkless running is accomplished 
by a long air gap. Being series 
wound the field increases with load 
and the speed is reduced corre- 
spondingly, hence commutation is readily effected. 

These motors are controlled by a variable series resist- 
ance, the various connections being made in a controller, 
such as is shown in Fig. 163. The circuits are made by con- 
tact pieces on a cylinder coming in contact with fingers or 
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wipers which are mounted on a board forming the back of 
the controller. The controller illustrated is also a reverser. 
The motor can be run in cither direction by moving the 
controller handle to the right or to the left of the central 
position. 
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CHAPTER XI, 

DYNAMOTORS, MOTOR-GENERATORS, 

AND BOOSTERS. 

107. Dynamotors. — A dynamotor is a transforming 
device combining both motor and generator action in one 
magnetic field, with two armatures or with an armature 
having two separate windings. They are generally sup- 
plied with a commutator at each end, which are connected 
to the two windings respectively. Either winding of the 
armature may be used as a motor winding, and the other 
as the dynamo winding. These machines occupy the same 
position as regards direct current practice as is occupied 
by transformers in alternating current practice. That is, 
they enable one to take electrical energy from a system 
of supply at one voltage, and deliver it at another voltage 
to a circuit where it is to be utilized. They cannot, how- 
ever, be constructed so as to operate with the same high 
efficiency as a transformer docs. As the currents in the 
two armatures flow in opposite directions, and the machines 
are so designed as to have practically the same number of 
armature ampere turns when in operation, there is practi- 
cally no armature reaction. The field, therefore, is not 
distorted so as to require a shifting of the brushes, nor is 
there sparking present as a result of a change of load. 
These machines are more efficient than motor generators, 
which will be described later, as they have but a single 
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field. They cannot be compounded so as to yield a con- 
stant E,M,F, at the dynamo end. A cumulative series 
coil would tend to raise the E,M,F. at the dynamo end, 
but it would lower the speed of the armature as a motor 
by a corresponding amount. 

108. The Bullock Teaser System. — Dynamotors are 
used extensively by the Bullock Electric Manufacturing 
Company in their so-called Teaser system of motor-speed 
control. This system is used in driving large printing- 
presses from supply circuits, which are at the same time 
used for lighting and other purposes. Large printing- 
presses contain very many sets of gears, and possess very 
large moments of inertia. These large machines require 
an unusually large torque on the part of the motor to start 
them. Sometimes it is as much as five or six times that 
torque which the motor is called upon to produce at full 
load. Now, the torque which is exerted by a motor is de- 
pendent upon the current which flows through its arma- 
ture, while the speed at which this torque is applied is 
dependent upon the impressed electromotive force. As 
the current, which is required to produce the normal run- 
ning torque is already of considerable strength, it is desira- 
ble that some direct current electrical transformation be 
employed to avoid the excessive starting current. The 
Teaser system accomplishes this by making use of the 
dynamotor. The motor winding is designed for five times 
the electromotive force of the dynamo winding. Its field 
winding is excited directly from the supply mains. The 
negative brush of the motor side is connected with the 
positive brush of the dynamo side. The two armature 
windings are connected in series with a regulating resist- 
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ance to the supply mains. At starting, the main motor, 
which drives the press and which is generally a cumu- 
latively compound-wound motor, is supplied with current 
from the dynamo end of the dynamotor. The vohage 
with which it is supplied is somewhat less than one-fifth 
that of the main supply, depending upon the magnitude 
of the resistance in series with the dynamotor. This low 





r 
































































~S«se 




NTR 


L 






































































\ 






























"v 


.0* 


.... 






'"' 




1 


;:;j^a::;| 


A 




■■■• 


~- 


--•™ 


-f 






" ^ :t 


/\ 






1 










V 






1 


J 












F 














^ 



voltage permits of the application of a proper amount of 
torque at a low speed. Furthermore, the drain of current 
from the supply mains is but about one-fifth that which 
passes through the main motor. By manipulating the dy- 
namo regulating resistance, the electromotive force sup- 
plied to the main motor is raised, and with it the speed. 
The highest speed of the main motor which can be attained 
by this arrangement is such, that, when attained, the mo- 
tor's connections may be transferred to the supply mains 
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through another series regulating resistance without any 
excessive drain of current from those mains. The arrange- 
ment of the apparatus is shown in Fig. 165, and the 
amount of current which is 
taken by the main motor as 
compared with the amount 
of current which is drawn 
from the supply mains is re- 
presented in Fig. 164. Re- 
gulation of the resistances 
and changes of connection 
are accomplished through the 
aid of a controller. The 
different speeds are secured 
by the manipulation of a 
single hand-wheel on the con- 
troller, and thus the press- 
man has at his command a means of manipulating the press 
which is not complicated. 
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109. Dynamotors for Electro-Deposition of Metals. — In 

large electroplating establishments, it is common to in- 
troduce a dynamotor, whose two armature circuits are 
exactly similar, and under ordinary excitation give 5 or 10 
volts. The commutators, brushes, collecting devices, and 
leads are of necessity quite massive. The leads are gener- 
ally so arranged that the two armatures may be placed in 
series with each other, or in multiple. The low voltage 
of platers makes it impracticable to have a machine self- 
exciting. It is common practice in cities to excite these 
machines from iio-volt lighting circuits, with a regulating 
rheostat whose resistance is of such a magnitude as to 
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permit of the variation of the x'oltage of the machine over 
a range of 25 per cent of its full-load value. Fig. 166 
shows a dynamotor constructed by the Eddy Electric 
Manufacturing Ct>mpany for the electro-deposition of cop- 
per. Each armature winding gives ro volts and 4,500 




amperes. It is designed to be belt-ariven through a large 
pulley at one end of the armature shaft. A small pulley 
upon the other end is for the purpose of receiving a belt 
connected wilh a .small separate exciter. The large split 
clamps connei-ted with the leads are for the reception of 
the terminals of the main conductors, 

no. The Eddy Company's Rotary Equalizer This is 

a dynamotor having a .single field which is excited from a 
220-volt circuit, and a single armature core upon which is 
wound two distinct i ic-volt armatures. One armature 
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has its commutator 011 one end of the shaft and the other 
at the other end. The machine is used in connection with 
a 220-volt generator, to enable one to use it for supplying 
energy to a three-wire, i lo-volt, incandescent lighting sys- 
tem. The principle of its action can be seen from an 
inspection of Fig. 167. When the system is unbalanced, 




that side which has the smaller load has the lesser drop, 
and therefore the higher difference of potential. The 
armature winding of the dynamolor which Is connected 
with that side acts as a motor, runs the armature, and 
causes the other armature winding to act as a generator in 
raising the pressure of the heavier loaded side. Obvi- 
ously the employment of this system can, in some cases, 
result in a considerable saving of copper. 



III. Other Applications of Dynamotors. — The Crocker 
Wheeler Company manufactures a special line of dyna- 
motors (Fig. 168) for use in telegraphic work. The motor 
is designed to be supplied with electrical energy from street 
service mains, or from the house-lighting mains in the 
case of isolated plants. The generator end furnishes cur- 
rents at a constant potential, which is different in the case 
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of different machines. These machines are designed to 
take the place of batteries of a large number of gravity 
cells such as were used, in large quantities, a few years ago. 
The cost of oi>eratioii of a dynamotor for this service is 
about one-fifth of what it is in the case of the gravity 
cells. The space which the machine occupies is but 




3ffoo that of the cells. They are to be preferred to bat- 
teries also on the ground of cleanliness. Their reliability, 
when supplied by electric energy from large city service 
mains is equal to that of the cells. The same cannot be 
said in the case of small towns. The telephone companies 
are also rapidly adopting the dynamotor for the purpose 
of charging storage cells. With some forms, the charging 
of the cells can go on continuously, they being at the same 
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time used for telephone purposes. Dynamotors also fur- 
nish a convenient and satisfactory means of heating 
surgeons' electrocauteries. Cautery knives take from 3 
to 8 amperes at 5 volts, while dome cauteries take from 
15 to 20 amperes at the same voltage. 

112. Motor-Generators A motor generator is a trans- 
forming device consisting of two machines, a motor and 
generator, mechanically connected together. They have 
the advantage over dynamotors in that the voltage of the 




dynamo armature can be made to assume almost any 
value within limits by means of a resistance placed in 
series with its field-winding and capable of variation. 
They can furthermore, besides being separately excited, 
be shunt wound or compound wound. They are used 
quite extensively in the Ward-Leonard system of motor 
speed control, which was described in paragraph 97. They 
are also used for charging storage batteries. In this case 
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they are almost always shunt wound. They are also used 
in electro-plating establishments. In this case they are 
separately excited, as the voltage generally employed in 
such places is too small to give satisfactory self-excitation. 
For general laboratory work on tests which require large 
current at a low voltage or a small current at a high 
voltage, motor generators are of inestimable value. 

113. Boosters. — A boosler is a machine inserted in series 
in a circuit to change its voltage, and may be driven either 
by an electric motor, or otherwise. In the former case it is a 
motor-booster. This machine is used very extensively on 
Edison three-wire incandescent lighting systems which 
supply current at a constant potential. Feeders which run 
to feeding-points at a great distance, if supplied by current 
from the same bus bars as shorter feeders, will have too 
small a difference of potential at the feeding-points to give 
satisfactory service. A booster with its field and armature 
windings in series inserted in scries in the feeder will add 
E.Af.F. to the feeder which in magnitude is proportional to 
the current flowing in the feeder, that is, as the current in- 
creases the field excitation will increase and with it the 
E.M.F. produced by the armature. The machine may, 
therefore, be so designed as to just compensate for any 
drop which is due to the resistance of the feeders and to 
the current flowing through them. As all the current of the 
feeder must pass through the booster armature, the collect- 
ing devices must be massive and must be designed to carry 
these heaxy currents. The rating of a booster is of course 
determined by the voltage which it produces, and the total 
current which passes through it and the feeders. Boosters 
are also used in the central stations of trolley companies to 
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raise the voltage which is supplied to the feeders connected 
with distant sections of the line. They are also being in- 
troduced in office buildings in connection with electric 
elevator service. When the elevator motors are supplied 
from the same generators as the lights and fans in an office 
building they give to the generators what is called a lumpy 
load. -The excessive currents demanded by the elevator 
motors on starting produce wide fluctuations of voltage in 
the mains. A booster inserted in these mains may be 
made to add E.M,F, to the mains on these occasions. 
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CHAPTER XII. 

MANAGEMENT OF MACHINES. 

114. Connections for Combined Output of Dynamos. — 

In general a dynamo is much more efficient when operated 
at its full load than when operated at one-half or one-quarter 
load. It is usual to install in central stations, which, as a 
rule, have to supply different quantities of electrical energy 
at different times of the day, a number of smaller units 
rather than one unit large enough to supply the total 
energy. By this means any load can be handled by a 
machine or a number of machines all operating at about their 
maximum of efficiency. It is well, therefore, to consider 
the methods of combining two or more machines on one 
load. The simplest and most usual method of connecting 
dynamos is that employed in incandescent light generating 
stations. Here a number of constant pressure machines 
are arranged as in Fig. 1 70, to act in parallel on one pair of 
bus bars. The figure shows shunt machines with hand 
regulators. The various external circuits are connected in 
parallel to the bus bars. This practice is frequently 
modified by separating those machines which supply the 
circuits that deliver at the more distant points from those 
that operate the shorter circuits. This is because the main- 
taining of a constant and uniform pressure at all distribut- 
ing points requires a higher pressure on the station ends of 
the longer mains than on the shorter. When a machine 
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is to be thrown into circuit on to bus bars already in opera- 
tion, it is first brought up to speed, the field magnetization 
is then adjusted till the machine gives the same pressure 
as exists between the bus bars, and the main switch is then 
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closed, which puts the machine in circuit. The proper 
pressure at which to throw in the new machine may be 
roughly determined by comparing the relative brightness 
of its pilot lamp with that of the lamps operating on the 
circuit. 

A more exact way is to 
compare the readings of a 
volt-meter across the ter- 
minals of the machine with 
one across the bus bars. 
The most convenient way is 
to use a "cutting-in galvano- 
meter.*' Of these there are 
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two forms, the zero galvanometer and the differential gal- 
vanometer. The zero galvanometer, shown with connec- 
tions in Fig. 171, has a single coil of high resistance. 
When the pressure of the machine is not exactly that of 
the bus bars a current will ilow one way or the other, and 
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the needle will be correspondingly deflected. When there 
is no deflection, the machine may be thrown into circuit. 
This instrument is simple and cheap, but it requires that 
one terminal of the machine be permanently connected to 
a bus, which is not always desirable. The differential gal- 
vanometer, Fig. 172, has two high resistance coils, one in 
shunt across the bus bars, and one in shunt across the 
machine terminals. 

When equal pressures are 
impressed on each of the 
coils, they, by their differ- 
ential action, hold the needle 
in equilibrium, but when one 
coil is subject to more pres- 
sure than the other a deflec- 
tion occurs. This instrument 
is more costly and more 
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complex than the last, but it has the advantage that a two- 
pole switch may be used to cut in or out the machine. 

When shunt machines are connected iq parallel, it is 
expected that they will all be kept at the same pressure. 
If they are not, no serious damage is likely to occur, since 
the lower pressure machine merely fails to take its full 
share of the load. If the pressure of one machine falls so 
low that it is overpowered and run as a motor, still no 
damage will result, save perhaps the blowing of a fuse, 
since the direction of rotation for a shunt machine is the 
same whether it be run as a dynamo or as a motor. If it 
be desired to regulate a number of machines together by 
one regulator, it may be accomplished by bringing the 
positive ends of the field coils to one side of the regulator 
and connecting the other side to the negative bus. 
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Shunt machines may be operated in series by connecting 
the positive brush of one machine to the negative brush of 
the next, and connecting the extreme outside Lrushes with 
the line wires. When this is done each machine can be 
regulated separately to generate any portion of the pressure. 
If it be desired to regulate all the machines thus connected 
uniformly and as a unit, the field coils of all the machines 
may be put in series with one regulating rheostat, and 
shunted across the extreme brushes of the set. In the 
Edison three-wire system two iis-volt direct-connected 
shunt machines are mounted on one engine shaft. The 
dynamos are connected in series as described above, the 
neutral wire being connected to the united brushes, as in 

Fig. 173. 

Series-wound dynamos may be operated in series with- 
out any difficulty, though it is not customary to do so. 
Series generators are used almost exclusively on constant 
current (arc light) circuits, and it is usual to have as many 
machines as there are external circuits, each machine being 
of capacity enough to operate that circuit alone. A new 

form of Brush generator supplies 
several series circuits from its 
terminals, and regulates for all 
of them. If it be attempted to 
operate series dynamos in paral- 
lel, the following difficulty occurs : 
If the machines start with a 
proper distribution of load among 
them and one does not generate 
just its full pressure, then this one does not continue to take 
its full share of the load ; and, since it is series wound, 
a decrease in load is followed by a decrease in pressure. 




Pig. X73. 



222 



DYNAMO ELECTRIC MACHINERY. 



The conditions become always more uneven until the 
machine is overpowered and it turns into a motor. Since 
the direction of rotation of a series-wound motor is oppo- 
site to its direction when run as a dynamo, serious results 
may occur. The only remedy for this trouble is to arrange 
the field coils so that the magnetization in any one machine 
will remain the same as in the other machines, even though 
its pressure falls below that of the others. To accomplish 
this the series fields must all be placed in parallel. This 
may be done by means of an equalizer^ which is a wire of 
small resistance connected across one set of brushes, and 
by placing the fields in parallel, as shown in Fig. 174. Two 
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series dynamos may be run in parallel without an equalizer 
by resorting to mutual excitation^ that is, by letting the cur- 
rent of one armature excite the field of the other. In this 
case if the pressure of one machine falls and its load there- 
fore decreases, the magnetization of the other is reduced, 
compelling the first to maintain its share of the load. 
Series dynamos are never operated in parallel in practice, 
but this discussion is introduced because of its application 
to compound-wound dynamos. 

The use of compound generators for constant pressure 
circuits is very common. Since these have series coils 
they cannot be run in parallel without special arrange. 
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ments. It is usual to fit the series coils with an equalizer, 
as in Fig. 175. The desired end might be accomplished 
in the case of two ma- 
chines by making the 
series coils mutually ex- 
citing. 




«*■!». 



115. Connectloiis of 
Motors for Combined 
Output. — Any number 
of shunt motors may be placed in parallel across mains 
of a constant pressure, and their operation will be sat- 
isfactory whether each has a separate load or whether 
they be connected through proper ratios to one shaft. 
Shunt motors will operate in series on a constant pressure 
circuit when positively connected together ; but if con- 
nected to the same shaft by belts, and one belt slips or 
comes off, that motor will race, and rob its mates of their 
proper portion of the voltage. This arrangement is not 
common. 

Series motors will operate satisfactorily on constant 
pressure circuits : but when two or more such machines, 
that are arranged in parallel on a constant pressure circuit, 
are connected to one shaft an equalizing connection is 
sometimes used. Series motors in series on constant 
pressure mains will o[)erate satisfactorily, dividing up the 
total voltage between them according to the load each is 
carrying. If it be desired to make them share a load 
equally they must be geared together so that each rotates 
at the speed corresponding to its share of the voltage. 
Series motors only are used on constant current circuits. 
Any number of these may be placed in series on such a. 
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circuit individually or connected to a common shaft A 
series motor on a constant current circuit may be over- 
loaded until it stops without harm, since a constant current 
flows at any speed. 

Compound-wound motors are coming into quite general 
use, and they are invariably operated on constant pressure 
circuits, and each machine has its own load. 

In ordinary electric railroad practice, as has been stated, 
there are two series-wound motors to a car, operating 
either in series or parallel, according to the position of the 
controller handle, on a constant pressure of 500 volts. 
Each of these motors is geared to a separate pair of driv- 
ing-wheels. Since under ordinary conditions the rate of 
rotation of the two motors is the same, the E.M.F. sup- 
plied to each is the same when they are in series, and 
since the current is common they divide the work evenly. 
When in parallel the pressure on each is SCX) volts, and 
since the rotations are the same the currents will be the 
same and the load will be divided evenly. It often occurs 
that the back platform of a car is so loaded that the front 
drivers slip when the power is applied at starting. This 
occurs when the motors are in series and the current 
is common to the two. But the higher rate of rotation of 
the front motor causes it to generate a greater counter 
E.M.F.t thus lowering the pressure acting on the rear 
motor. Thus more electric ener^ is consumed in the 
front motor, and the surplus of work turns into heat from 
the friction between the slipping wheels and rails. When 
the car gains such a velocity that the front wheels bite the 
rails, the work is again evenly distributed between the two 
motors. It should be remembered that this occurs only 
when the motors are in series. 
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ii6. Care and Operation of Machines. — In what follows 
on the operation of motors and dynamos, it is assumed 
that the machine is properly designed and of sufficient 
capacity for the work it is called upon to perform. For 
satisfactory operation, the machine must be connected with 
an appropriate circuit and one of the voltage or amperage 
for which the machine was designed. Further it is 
assumed that the mere mechanical details have been looked 
to, such as proper foundation, proper alignment with shaft- 
ing, and good lubrication. Only electrical trouble will be 
treated. 

If trouble be detected, a machine should be at once 
stopped to prevent further trouble. In central generating 
stations, one of the most positive rules is not to shut 
down while any possible means is left to keep running. 
In such plants there are always one or two units held in 
reserve, and one of these may be started and substituted 
for a machine developing a fault so that the latter may be 
shut down and its fault remedied. 

Sparking at the brushes is the most general trouble, and 
it has more causes than any other. The brushes must 
make good contact with the commutator, they must be 
true, and have good contact surface. The commutator 
must be clean. Any collection of carbonized oil is sure to 
cause sparking. A very thin layer of good oil, free from 
dust, is advantageous. On a bipolar machine the brushes 
must be diametrically opposite, on a four pole exactly 90° 
apart, etc. This condition must be attained while the 
machine is at rest, either by actual measurement or by 
counting the commutator bars between each brush. If 
the brushes of one set are "staggered" they may cover 
too much armature circumference and cause sparking. 
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The brushes must be set at the proper point. This is 
accomplished while the machine is in operation under its 
required load. The rocker arm, which carries all the 
brush holders, is moved carefully back and forth until the 
point of minimum sparking is found. Sometimes there is 
quite an arc of movement in which sparking is not 
observed. The brushes should then be set at the center 
of this arc, since heating occurs when the brushes are off 
the proper commutating point, even if sparks be not seen. 

Sparking may be due to fault in the commutator. A 
high-bavy a low-bar^ or flaty projecting mica, rough or 
grooved surface, eccentricity, or any condition of surface 
which causes the brushes to vibrate and lose contact with 
the commutator will surely cause sparking. If sparking 
be allowed to go without correction, it will pit the commu- 
tator and aggravate these conditions. If the irregularity 
of surface be slight, it may be cut down by sandpaper 
(never emery) held in a block cut to fit the commutator. 
If the surface be very bad, it must be cut down by a 
machine. A small armature may be swung in a lathe ; but 
a large one must be left in its own bearings, and a tool 
held against the commutator by some special device. A 
perfectly true commutator may act eccentrically toward 
the brushes because of wear in tlie shaft bearings. New 
bearings will remedy this fault. 

If a coil of the armature be short-circuited, periodic 
sparking may result. The coil is liable to burn out if the 
machine is not immediately stopped. The short circuit 
may occur from breakdown of the insulation within the 
armature, in which case rewinding is necessary ; or it may 
be caused by metal chips or the like at or near the com- 
mutator, in which case the cause can be easily removed. 
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When a coil is broken very violent sparking occurs, since 
half the armature current is broken every time the com- 
mutator bar connected to the broken coil passes from under 
a brush. Such a break may occur within the armature, 
requiring rewinding ; but it is more likely to occur where 
the coil end is attached to the commutator bar lug. If 
the break be at this place, the wire needs but to be screwed 
or soldered to the lug and the machine is repaired. 

If the field of a motor is too weak, sufficient counter 
E,M,F, is not generated, and excessive current flows and 
causes sparking. The weakening of the fields may occur 
from a short circuit in the field coils or two or more 
grounds between the field coils and the pole piece, or by a 
broken field circuit (shunt coils) which reduces the mag- 
netism to almost zero. In any case, unless the trouble is 
•to be found external to the coils, rewinding is necessary. 

Heating of machines is another frequent source of 
trouble. The limit of temperature that may be allowed in 
the bearings depends on the flashing-point of the lubricant 
used, but a well designed and lubricated bearing ought 
always to run cooler than the commutator or armature. 
The limit of temperature that may be allowed in the arma- 
ture depends on the " baking "-point of insulation used, 
and also on the melting-point of the solder used if the 
coil ends are soldered to the commutator lugs. A good 
general rule is this: If you can hold your hand on any 
part of the machine for more than a few seconds, that 
part is not dangerously hot. Of course metal feels warmer 
than insulating cotton for the same temperature, and 
allowance should be made for this. If a burning smell or 
smoke comes from a machine, the safe temperature limit 
has been far exceeded, and the machine should be shut 
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down at once. This indicates a serious trouble — a short 
circut or a hot bearing probably. 

If the trouble arises from the bearings the ordinary me- 
chanical precautions of cleaning, aligning, lubricating, etc., 
will generally cure it. Never use water to cool hot bearings. 
If water gets into the windings of either the field or the 
armature, short circuits will occur and ruin the machine. 
It must not be assumed that because one part of a 
machine is hot the trouble lies with that part. Heat is 
quickly conducted all over a machine ; and when heat is 
detected in one place the machine should be felt all over, 
the hottest part probably being the part at fault. The 
brushes of a machine should not be set too tight, for, be- 
sides reducing the efficiency greatly, they cause much 
heat from friction. The commutator should not be more 
than 5° C. hotter than the armature. 

Machines that operate on constant pressure circuits are 
liable to overheat because of too much current flowing 
through some parts of them. This may result from over- 
loads, in which case the remedy is obvious, or because of 
short circuits in the machines, in which case rewinding is 
generally necessary. In the case of constant potential 
generators a short circuit of the mains will produce a sud- 
den and severe overload, which can only be remedied by 
tracing out the lines and removing the short circuit. 

When a machine makes an unwarranted amount of noise 
it usually indicates the need of attention. Carbon brushes 
chatter and spark sometimes when the commutator is 
sticky, the action being something like a bow on a violin 
string. Cleaning the commutator will cure this. Hum- 
ming and vibration result when the revolving parts are 
not revolved about their center of gravity. This may be 
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because of faulty construction or warping after completion. 
If the fault be with the pulley, it may be turned out or 
counterweighted. If the shaft be sprung it may be 
straightened or a new one used If the armature core or 
windings be out of balance, there is not much help for it. 
Slower speed will reduce the noise from this cause. 

Noise may occur from the armature rubbing or striking 
against the pole faces. This is a serious matter, and if not 
immediately attended to results in the destruction of the 
armature. It is caused generally by wear in the shaft 
bearings, in which case new brasses will remedy the 
trouble. Sometimes it results from a sprung shaft, in 
which case the shaft must be either straightened or re- 
placed. A rattle produced by loose collars, bolts, nuts, or 
connections would indicate that these parts needed setting 
up or adjusting. 

If a motor revolves too slowly, it may be because of an 
overload of mechanical work, because of excessive friction 
in the machine, or because of the armature rubbing against 
the pole face. A variation in the pressure supplied to a 
motor causes a variation in speed. If the field magnetism 
be too weak the motor will revolve too fast when not 
loaded, and too slow when under full load, and will take 
excessive current. A weak field may be caused by a short 
circuit which cuts out some or all of the field turns, or by 
a broken field circuit. If the load be removed from a 
series motor on a constant current circuit it will race badly 
unless its field coils are shunted. Practically such a motor 
should not be used in any position where it may be sud- 
denly relieved of its load, as by the slipping of a belt. A 
shunt motor, whose fields are not excited, will run either 
forward or backward when a current is allowed to flow in 
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the armature, according to the relative magnitudes and 
directions of the residual magnetism and the armature re- 
actions. Ordinarily, however, if a motor runs backward, it 
may be assumed that the connections are wrong. Usu- 
ally changing the connections to the brush holders, so that 
the brushes change their signs without changing any other 
connections, will make the motor change its direction of 
rotation. A series motor also may be made to change its 
direction by changing the direction of current flow in 
either field coils or armature, but not in both. 

On starting up, a self-exciting dynamo is supposed to 
build up its voltage to normal, having at first no excitation 
save that of residual magnetism. After standing some 
time, or in proximity to other dynamos, or after being 
hammered, the magnet frame may have lost all its residual 
magnetism. In this case the machine does not build up 
when revolved. By passing a current from another 
machine through the field coils the dynamo will generate 
as a separately excited one. Then the exciting current 
may be thrown off and the self-excitation thrown on, when 
the machine will build up satisfactorily. If the residual 
magnetism becomes changed in direction, or the separately 
exciting current be passed in the wrong direction, then 
what little voltage may be generated will, when connected 
for self-excitation, send the current in such a direction as 
to tend to demagnetize the field, and building up will be 
impossible. A shunt machine builds up better the less 
the outside load, since at no load the terminal voltage is the 
greatest and the most likely to send a magnetizing current 
in the field coils. A series machine builds up better when 
the outside load is increased. Such a machine may even 
be momentarily short circuited to make it build up. For a 
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given voltage resulting from residual magnetism, the current 
in the field coils is greater the less the resistance in the 
circuit. If the connections to one of the field coils in a 
bipolar machine be reversed, causing two poles of the same 
polarity, the machine will of course fail to generate. This 
condition may be detected by the use of a compass needle. 
Small machines sometimes generate at starting a few volts, 
showing proper connections and the presence of some 
residual magnetism, but refuse to build up beyond this 
point. It is sometimes convenient to materially increase 
the speed of such a machine, whereupon it will build up 
rapidly, and the speed may then be reduced to normal, and 
the dynamo will continue to generate at its normal pres- 
sure. 
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CHAPTER XIII. 

THE DESIGN OF MACHINES. 

117. Different Methods of Design. — It is impossible to 
lay down a fixed set of rules to be followed in the design 
of dynamo electrical machinery. This is because the 
specified conditions of operation and construction are 
seldom alike in two cases. A designing engineer may be 
called upon to design a machine of a given output at a given 
voltage, the field frame, however, to be chosen from one of a 
set already in stock ; and again it may be required that the 
machine shall be direct connected, the output, the voltage, 
and the speed of rotation being given ; still, again, the 
capacity, the maximum gross weight, and the efficiencies of 
operation at various loads, may be specified, as in the case 
of an automobile motor ; or he may be called upon to design 
a machine of a given output and voltage, which shall 
operate at a satisfactory efficiency, and which shall have a 
first cost which will enable the manufacturer to successfully 
compete with others in the sale of his products. Through- 
out the calculations the engineer is obliged to refer to his 
experience or the experience of others in determining the 
values of different quantities which must be assumed before 
there can be any further progress on the design. Further- 
more, after having assumed certain values, results which 
are arrived at later on in the work will necessitate the re- 
jection of these values and the assumption of new ones. 
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Oftentimes what one might desire as a value for one quan- 
tity is undesirable, because it conflicts with the adoption of 
a value for some other quantity which is more desirable. In 
the following paragraphs a method is given for designing 
a machine under the conditions specified. 

X18. Specifications. — The following specifications are 
given and must be complied with : 

The type of machine as regards the shape of its field 
frame, its bearings, and the method of its being driven ; its 
output in kilowatts ; its terminal voltage at full load and at 
no load ; the materials from which are to be constructed its 
field frame, its pole pieces, its armature core, its brushes, 
its shaft, its bearings, its armature spider, and its con- 
ductors ; and the insulation throughout its various parts. 

X19. Preliminary Assumptions. — The design will be 
based upon an assumption of the values of four different 
quantities. 

The first assumption is that of the value of the flux den- 
sity in the air gap, which will be represented by (B^. The 
value which will be chosen will depend somewhat upon the 
method to be employed for obviating armature reaction. 
Almost all designers rely upon a stiffs bristly field to assist 
in preventing a distortion of the field when under load, and 
therefore higher flux densities are being used now than 
were a few years ago. Higher densities are used when the 
pole pieces are made of wrought iron or of cast steel than 
when they are made of cast iron. The densities are greater 
in the case of multipolar machines than in the case of 
bipolar ; and they increase, within limits, with the size of 
the machine. A value between 40CX> and 7500 should be 
chosen. 
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The second assumption is a value for the peripheral 
velocity F' of the armature in feet per minute. The com- 
mon assumption in the case of drum armatures for all sizes 
above five k.w. is 3000 feet per minute. High-speed ring 
armatures have a higher value, ranging between 40CX) and 
6cxx). The larger value is to be used in the case of large 
machines. 

The third assumption is a value for the current density 
in the armature conductor at full load. Inspection of a 
large number of machines shows the use in many of them 
of from 500 to 800 circular mils per ampere. Sometimes 
as small a cross-section as 200, and in other cases as large 
as 1 200 circular mils per ampere, have been found. The 
low value is used in the case of machines subjected to 
periodic loads of short duration. This is the case with 
elevator motors, pump motors, sewing-machine motors, 
dental drill motors, and motors on special machinery. The 
high value is used on machines to be used in central stations 
for lighting or power purposes. The specified output in 
watts when divided by the full-load terminal volts gives the 
total current output of the machine at full load. This, 
divided by the number of armature circuits, gives the cur- 
rent which must be carried by each conductor at full load. 
This current multiplied by the assumed value of the number 
of circular mils per ampere gives the cross-section of the 
conductor in circular mils. Oftentimes a single armature 
conductor is made up of several wires in multiple. The 
multiplicity of wires affords pliability in winding, and 
obviates, to a certain extent, eddy currents. Again, the use 
of copper bars for windings is common, they being in- 
sulated by the use of micanite, fuller board, or other 
sheet insulating materials. A cross-section sketch of a 
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single conductor should be made in which the dimensions 
are given of the copper and of the insulating material 

The fourth assumption is the value s to be given to the 
polar span, s represents the percentage of the armature 
circumference which is covered by the faces of the poles. 
This value varies considerably within narrow limits, but 
unless there is some special reason for the assumption of 
another value 0.8 may be taken. 

120. Design of the Armature. — I. To determine the 
specific induced E,M,F, in volts per foot of active con- 
ductor, 

^ F 30.C ^ I , 

E— — ^— ^ X jOJ- X 30.S — - volts. 

60 a o o jq8 

where the first term in the right-hand member represents 
the velocity of the moving conductor in centimeters per 
second, the second term represents the average induction 
density of the flux which enters the armature, and the 
third term consists of constants to reduce feet to centi- 
meters, and c. g, s, units to volts. 

II. To obtain the length of active conductor P in feet. 

/' = -=3 X number of armature circuits. 

III. To obtain the number of active conductors S upon 
the armature. 

Let ly = the number of layers in the armature winding. 

p = the assumed ratio of the length to the diameter of the 
armature core. 

d = the mean winding diameter of the armature in inches. 

w == the specific peripheral width of one armature conductor 
in inches. (In the case of a smooth-core armature 
w represents the width of the armature conductor 
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plus the double thickness of its insulation, both in 
inches, while in the case of tooth armatures w rep- 
resents the width of one tooth plus the width of 
one slot divided by the number of conductors in 
one slot in one layer.) 

The length of the armature core = pd inches = -- ft. 

12 

and the circumference of the core = ird inches. The 
number of armature conductors in one layer = ^ hence 



10 
r^dly 



the total number of armature conductors S = - 

w 

Since 



,, - ird pd 



7V 12 
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In practice the width of the tooth ranges from 50 per 
cent to 80 per cent, the width of the slot. In some cases 
it has a width equal to that of the slot. The value for 5 
yielded by this formula must, in nearly all cases, be altered 
by either the addition or subtraction of a few conductors 
in order to make it possible to employ the type of winding 
which it seems desirable to adopt. The change may neces- 
sitate a slight alteration of one of the assumed values, and 
as a result the values derived from it. 

For machines whose speed is prescribed, as is the case 
with direct connected machines, one may use the form of 
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the formula 5 = — ~ , where // is to be obtained as de- 
scribed in the end of the next paragraph. 

IV. To obtain the diameter of the armature d in inches. 

Sw 



//= -^ inches. 

In case the speed of the armature in revolutions per 
minute V be prescribed, as is the case with direct connected 
machines, the preliminary assumption of the peripheral 
velocity V immediately gives a value for the armature 
diameter. ^,, ,„ 

y V 12 

// = -77- ft. = — =7 — inches. 

V. To determine the length of the armature I in inches. 

l^dp. 

VI. To determine the internal diameter of the armature 
core d' in inches. In determining this quantity a value for 
the flux density in the armature core (Ba must be assumed. 
Wiener states that in incandescent dynamos, in railway 
generators, in machines for power transmission and distri- 
bution, and in stationary and railway motors, the density 
varies from 5,500 to 15,500. Ring armatures have higher 
densities than drum armatures, low-speed machines higher 
densities than high-speed machines, and bipolar machines 
have larger densities than multipolars. (B^ = 8cx>o is a 
good assumption. 

If the machine have / pairs of poles, the flux which 
enters the armature through one pole 
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that is, the surface of the armature in square centimeters 
times the average gap density divided by the number of 
poles. Considering that but 75 per cent to 80 per cent of 
the length of the armature core is made up of iron, the 
rest being due to the spaces between the laminations and 
the width of the ventilating ducts, the radial depth of the 
armature core is 



d-d'^ 



(B«/o.75(2.54)« 



•'• "^-^ CB./0.75 (2.54)* 

VII. To determine the armature losses. The armature 
as already determined would theoretically operate satis- 
factorily, but there is a possibility of its heating excessively 
when running under full load. There are the two constant 
supplies of heat, namely, that due to ohmic resistance 
and that due to hysteresis and eddy currents. There are 
also two avenues for the escape of heat, namely, radia- 
tion and air convection. An equilibrium is established when 
that temperature is reached which will make the escaping 
heat per unit of time equal to the amount of heat gen- 
erated in the same time. Concerning the escape of heat 
by radiation, it should be borne in mind that the watts 
radiated vary as the difference in temperature between the 
radiating body and the surrounding atmosphere and as the 
emissivity and the area of the radiating surface. There 
is also on starting a conduction of heat to neighboring 
bodies. After a short time, however, a static temperature 
condition will be established. The power loss in hysteresis 
in the armature is 

F^^~'n/>(S>^''{^v7vatts, 
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where rj equals the hysteretic constant of the iron (0.002), v 
equals the volume of the armature core in cubic centimeters. 
The assumption is made that the flux density in the arma- 
ture core is uniform. This is not true for the main core, as 
was shown by Goldsborough, and in the teeth the density is 
much greater. When the volume of the latter is a relatively 
large amount of the total core volume, a correction should 
be made. When making many designs, in which the same 
quality of iron is to be used, it is much easier to get the 
hysteresis loss per cubic inch at various densities from 
tables made up to suit the iron. The power loss due to 
ohmic resistance 

/> = / ^!?? V^ 

"* \number of armature circuits/ *" 

where /^ox is the full-load current of the machine in am- 
peres, and Ra is the resistance of all the armature con- 
ductors arranged in series. Before getting P^ and P^ one 
must determine the values in VIII. to XI. 

VIII. To obtain the armature speed V in revolutions per 
minute. This quantity is prescribed in the case of direct 
connected machines. In other cases in may be determined 

by the formula 

^ 12 V 

V =. 

IX. To obtain the volume of the armature core v in cubic 
centimeters. 



V = zlirU—- \ (2.54)', 



where ^ is a coefficient which represents that part of the 
armature core length which is occupied by iron. In ordi- 
nary laminations the space occupied by air and insulating 
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oxide on the plates amounts to lo per cent, therefore under 
these circumstances z = 0.9. The introduction of ventilat- 
ing ducts reduces this value by an amount which can be 
readily determined. 

X. To obtain the resistance of the armature wire in 
ohnts. The total length of the armature wire, 

/, = /' X k, 

where >& is a constant greater than unity, which takes into 
account the amount of dead wire employed in making the 
end connections. This value depends upon the value of 
p and upon the method of winding. In the case of formed 
coils its value may be determined from measurements upon 
a single coil. This value is generally slightly greater 
than 2. Considering that the resistance of a hot mil foot is 
11.5 ohms, the resistance of the armature 

*" cross-section in circular mils. 

XI. To obtain the area of the armature radiating sutface 
A in square inches^ 



A=ir/d-^ irf 1 



XII. As 2 to 2 J watts can be radiated per square inch 
of armature surface without excessive heating, the value of 

P -\-P 

-^— — T determines whether the armature is properly de- 
signed or not. If the fraction is less than 2, the armature 
is needlessly large, and should be redesigned. If the frac- 
tion is greater than 2j, the armature will heat excessively, 
and should also be redesigned. 
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121. Design of the Field. — XIII. Dimcmions of the 
poles and field frame. The design of a field requires judg- 
ment and experience on the jrart of the designing engineer, 
and an acquaintance with the various machines of the type 
being de.signt,tl. One must assume values for the following 
quantities: the flux density in the poles CB,,, the flux 
density in the magnet frame flS,, the coefficient of magnetic 
leakage A, and the ratio of the length of a pole to its diam- 
eter in case it has a circular cross-section, or to some other 
dimension in case it is not circular. The assumption is 
made here that the field frame is of a circular type, and 
that the pole is of circular cross-section. It is customary 
to choose such a value for (B^, that the magnetization will 
be carried over the knee of the magnetization curve. In 
the case of (6^ however, it is customary to choose a value 
somewhat below the knee. The coefficient of magnetic 
leakage for this type of machine is r.4. A careful design 
really requires a knowledge ()f the distribution of the leak- 
age flux. Long experience enables one to make allow- 
ance for this. From these assumed values one gets a 
value for the cross-section of a pole, 

A,, = — sq, centimeters, 
whence it follows that the diameter of the pole in inches 
'fp = -— - Y — - inches, and the cross-section of the frame, 

Af = — -^ sq. centimeters. 

XIV. Reluelance of the magnetic cireuit. After mak- 
ing a provisional scale-drawing of the field-magnet frame 
with its poles and the armature core, exercising judgment 
derived from experience or from the inspection of other 
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drawings, determine the average length in centimeters of 
the path of the magnetic lines in the frame, in the poles, 
in the air gap, in the teeth, and in the armature core. 




Pi«. 176. 

Represent by ^ 4> 4> K and /, the length in centimeters 
of the parts marked in Fig. 176. From the assumed 
values of the flux density, and from the magnetization 
curves of the metals from which the various parts of the 
magnetic circuit are constructed, one can get the respec- 
tive permeabilities. The reluctance may then be calculated 

as follows : 

7 

Reluctance of the pole (R- = 



/V^; 



<( 



« 



i( 



of \ section of field frame (Hy = — ^ . 

7 
of the air gap (H- = 



2/j/7r^(2.54)* 
of -J- section of the armature core, 
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To determine the reluctance offered by the teeth and 
winding-slots, it is convenient to assume that the total flux 
is carried by the teeth alone. Owing to the fringing of 
the field at the pole tips, not merely the teeth immediately 
under the pole face carry the flux from that pole, but, with 
very short air gaps, an extra tooth takes part in the trans- 

TABLE OF TOOTH-DENSITY CORRECTIONS. 
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mission. With large air gaps two or three extra teeth may 
take part. The value of the permeability obtained from 
the flux density which is calculated upon the above as- 
sumption would be too small The value of the reluc- 
tance based uix>ii it would in consequence be too large. 
The flux density arrived at will have to be corrected by 
reference to the table on page 243. 

The permeability, ^ corresponding to the corrected dens- 



lS 



ityand to be obtained from Fig. 178, should be inserted in 

the formula for the reluctance of the teeth. 
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where A^ is the net iron cross-section of the teeth under 
one pole corrected for fringing. The reluctance, the flux 
through which must be maintained by the field-windings 
on one pole, is made up of a bi-parallel path in the arma- 
ture and a bi-parallel path in the field frame, both arranged 
in series with the pole, the gap, and the tooth reluctances. 
This reluctance is equal to 

-•^+(R^ + (R, + (R, + ^. 
2 ^ ^^ 2 

XV. Alagneto-motive force. The ampere turns per 
pole nl^ necessary to produce the flux <^^ in the armature 
at no load is equal to 

47r L " 2 2 J 

These ampere turns are furnished by the shunt coil on 
one pole. 

XVI. Shunt Coils, Assuming that 7^^ volts are con- 
sumed in the field regulating rheostat. 



i?.* = 






'h 



** /,*2/ circular mils 
Whence, 

The cross-section in circular mils = — ~ — **!? ■ 

E-E^ 

Where n = number of turns in shunt coil, 

loi = the current in the shunt at no load, and 
/^ = the mean length of one field turn in feet. 

Assuming 1,000 circular mils per ampere in the shunt coil, 

circular mils 

A*= > and 

1000 

1 000 n/^ 
n = 



circular mils 
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From a wire table the space occupied by the n turns can 
be attained ; and, with due allowance for insulation, refer- 
ence to the preliminary drawing will enable one to deter- 
mine whether the assumed length of the pole /, is too 
small or too great. Space must be left for the compound 
coil This occupies about one-half as much space as the 
shimt coil. If 4» seems of unsuitable length it should be 
altered, and the calculation should be again gone over. 

XVII. Compouftd Coils, The method of calculating 
the number of compounding turns is so similar to that in 
the case of shunt coils that it need not be gone into in 
detail. The compound coils have to compensate at full 
load for drop in the armature, for drop in the series coil, 
for drop in the line in case of overcompounding, for the 
demagnetizing armature ampere turns, and for changes in 
reluctance due to skew by saturation. The back armature 
ampere turns, when multiplied by the coefficient of mag- 
netic leakage, give the series ampere turns necessary to 
compensate for them. It should be borne in mind that 
the maximum possible lead brings the brush no farther 
than the pole tip. To compensate for a drop of a certain 
percentage requires that the density in the air gap be 
raised by that same percentage. This necessitates an 
increase of all the densities. The increase of each reluc- 
tance and the increase of each corresponding flux must be 
cared for by the series windings. The coefficient of mag- 
netic leakage varies with the load. The manner of its 
variation may be unknown. The reluctances, into which 
it enters, are such a small per cent of the total, that its 
variation may often be neglected. 

The following blank form, to be filled in by students in 
designing, is self-explanatory. 
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POLYTECHNIC INSTITUTE OF BROOKLYN. 

DEPARTMENT OF ELECTRICAL ENGINEERING. 

Data sheet to he filled in by students taking Electrical Engineering 8, and 
eoverifig the ivork of the first semester. This must be accompanied by the 
following scale drawings : end elevation^ longitudinal cross-section ^ plan^ and 
important details. A diagram of the armature-winding must also be given. 
Assumed values are to be entered in red ink. 



Designer 



Submitted. 



SPECIFICATIONS. 

1. Type of Machine 

2. Number of poles 

3. Capacity in kilowatts 

4. Terminal volts at no load 

5. Terminal volts at full load 

6. Amperes at full load 

7. Revolutions per minute 

MATER1AL.S. 

8. Armature core 

9. Armature spider 

10. Armature end plates 

If. Armature shaft 

12. Commutator segments 

13. Commutator spider 

14. Magnet frame 



15- 


Pole piece 


39. 


16. 


Pole shoe 


4a 


17. 


Brushes 


41. 


18. 


Brush-holders 




19- 


Brush-holder yoke 


42. 


20. 


Commutator insulation 


43- 


21. 


Armature conductor insulation 


44. 


22. 


Field-coil insulation 

DIMENSIONS. 
Armature. 


45- 


23- 


Diameter over all 




24. 


Diameter at bottom of slots 


46. 



Internal diameter of core 
Length over conductors 
Length of core over laminations 

and ducts 
Net length of iron 
Number of ventilatingducts 
Width of each ventilating-duct 
Thickness of sheets 
Number of slots 
Depth of slots 
Width of slot at root 
Width of slot at surface 
Width of tooth at root 
Width of tooth at armature 

face 
Size and shape of bare con- 
ductor 
Size of conductor insulated 
Pitch of winding. No. of teeth 
Arrangement of wires or bars 

per slot 
Number in parallel per slot 
Number in series per slot 
Total insulation between con- 
ductors 
Thickness insulation between 
conductors 



Air Gap. 
46. Length in center 



25- 
26. 

27. 



28. 

29. 
30. 

3»- 
32. 
33- 
34. 

35- 
36. 

37. 
38. 
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47. Length maximum 

48. Bore of field 

49. Minimum clearance 

Poi« Shoe. 
5a Length parallel to shaft 

51. Length of maximum arc 

52. length of minimum arc 

53. Minimum thickness 

Poles. 

54. Length of pole 

55. Width or diameter of pole 

56. Lenpth parallel to shaft 

Mafrxxet Spool. 

57. Number of spools 

58. Length over all 

59 Length of winding-space 

60. Depth of winding-space 

Macnet Frame. 

61. External diameter 

62. Internal diameter 

63. Thickness 

64. Diameter ovei ribs 

65. Thickness of ribs 

66. Length along armature 

Oommutator. 

67. Diameter 

68. Number of segments 

69. Width of segment at commu 

tator face 

70. Width of segment at root 

71. Useful depth of segment 

72. Thickness of mica insulation 

73. Available length of surface of 

segments 

74. Total length of commutator 

75. Peripheral speed 

BruBhee. 

76. Number of sets of brushes 

77. Number in one set 



78. Length 

79. Width 

80. Thickness 

81. Area of contact one brush 

FLECTRICAL. 
Amjttare. 

82. Voltage at no load 

83. Total voltage at full load 

84. Total current 

85. Number of sections 

86. Turns per section 

87. Number of layers 

88. Total number of inductors 

89. Type of winding . . . drcnits 

90. Style of winding 

91. Circular mils per ampere 

92. Mean length of one turn 

93. Total length of arm wire 

94. Resistance of armature cold at 

20° C. . . . ohms 

95. Resistance of armature hot at 

70® C. . . . ohms 

ShuDt Ooils. 
96- Size of wire. No. B. & S. Gauge 

97. Tums per layer 

98. No. of layers 

99. Tums per spool 

100. Mean length of one turn 

loi. Total turns 

102. Total length of wire 

103. Total weight of wire 

104. Total lesistanceat . . . 20® C. 

ohms 

105. Total resistance at . . . 70® C. 

. . . ohms. 

106. Volts allowed for rheostat 

107. Maximum current . . . am- 

peres 

108. Total ampere turns 

109. Circular mils per ampere 
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Series Ooils. 

1 10. Size and shape of conductor 

111. Number of conductors in mul 

tiple 

112. Arrangement 

113. Turns per layer 

114. Number of layeis 

1 15. Turns per spool 

1 16. Mean length of one turn 

1 17. Total turns 

118. Total length of conductor 

119. Total resistance at . . . 20° C. 

. . . ohms. 

120. Total resistance at . . . 70° C. 

. . . ohms. 

121. Maximum current . . . am- 

peres 

122. Total ampere turns 

123. Circular mils per ampere 

HEATING. 

Armature. 

124. Area of drum radiating sur- 

face . , . sq. in. 

125. Area each end radiating sur> 

face . . . .sq. in. 

126. Total radiating surface . . , 

sq. in. 

127. /'i?full load . . . watts 

128. Hysteresis . . . watts 

129. Eddy cunents . . . watts 

130. Total . . . watts 

131. Total PK and core loss at 

full load . . . watts 

132. Watts persq. in. radiating sur 

face, full load 



133. Estimated rise of temperature 

at full load . . C. 

134. Friction of windage and bear- 

ings . . watts 

Field Ooils. 

135. Radiating .surface (heads) . . . 

sq. in. 

136. Radiating surface (periphery) 

. . . sq in. 

137. Total radiating surface . . . 

sq. in. 

138. /'A* shunt coils and rheostat 

. . . watts 

139. /'A* series . . . watts 

140. Total /"R . . . watts - . . % 

141. Watts loss persq. in. . . . radi- 

ating surface 

142. Estimated rise of temperature 

at full load . . . C. 

Oommutator. 

143. Brush friction . . . watts 

144. Brush contact . , watts 

145. Other cornmutator losses . . 

watts 

MAGNETIC. 

146. 0^ at open circuit 

147. <t>n at full load 

148. I>eakage coefficient 

149. 0/ at open circuit . . 0/ at 

full load 

150. Ampere turns required for 

shunt 

151. Ampere turns required for 

series 
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159 Total output in wacis 163 Efficiency at full load 

160 Total losua at full load in watts 164 Coefficient of conveition at full load 

161 Electrical lowes at full load in watte 165 Economic coefficient at fuD load 

162 Conversion lo&ses at fall load in watts t66 Load at whkh maximum efficiency occurs in X.W. 
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CHAPTER XIV, 



TESTS. 



122. Determination of a (B-JC Curve. — The most exact 
laboratory method of finding this curve is by the ballistic 
galvanometer or ring method. Fig. 1 79 shows the arrange- 
ment of apparatus for this 
method. X is the test piece in 
the form of an annular ring, hav- 
ing a mean circumference of / 
centimeters and a radial cross- 
section of a sq. centimeters. It 
is wound uniformly with n prim- 
ary turns of wire. Over these 
three or four secondary test turns 
of wire lead off to the ballistic 
galvanometer G. A series cir- 
cuit is formed of a storage bat- 
tery or other suitable source of 

E. M, F.y By a variable resistance Ry the primary coil of 
the test piece, an ammeter Ay and a commutating switch C. 
The last is used for reversing the direction of the current 
in the primary coil. 

If R be adjusted to give a current /, then the magne- 
tizing force, or 5C, by § 21 is represented by the formula 

4ir«/ 




Fig. 179. 



ae = 



10/ 
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If now the current be suddenly commutated, all the lines oi 
force will be withdrawn, and as many more set up in the 
opposite direction. Each of these lines will induce, upon 
commutation, a pressure in each turn of the test coil. 
This induced E,M.F, furnishes a means of measuring the 
flux of lines in the test piece or the flux density (B. By 
application of the formula given in § i6, one may obtain 
the expression for this quantity. 

Where 

Id,= the resistance of the test coil, the galvanometer, and 

the secondary circuit ; 
a = the area of a radial section of the test piece in 

square centimeters ; 
«j= the number of turns in the test coil ; 
>t = a constant of the galvanometer; and 
6 = the throw of the galvanometer which accompanies the 
commutation of the primary current. 

Though the most accurate method, the ring method is 
not generally employed in commercial practice because of 

the cost and the time re- 
quired in preparing a test 

.^ctLu ^^^ divided-bar method 

admits of the use of a bar 

of iron of ordinary shape as 

a test piece. This is cut 

^K- '**• into two pieces. A heavy 

wrought-iron yoke, Fig. i8o, has a magnetizing coil wound 

inside of it. Through snug-fitting holes in the ends of 

the yoke, the two halves of the' test piece are inserted. 



HANOUe 




TE»T 
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one being secured, and the other being fitted with a 
handle. The test coil is so mounted on springs as to 
fly suddenly to one side when the test pieces are slightly 
separated by a pull on the handle. It thus cuts all 
the flux in the piece, and affords a means of measuring 
it. The yoke is so massive, and has such a small reluc- 
tance as compared with that of the test piece, that the 
. 4 '"f i. 



length of the test piece which is traversed by magnetic 
lines. For (B the formula is twice what it was in the 
ring method, since the test coil cuts the flux but once, or 



10'^, 



m. 



The method of reversals could be used equally well with 
this apparatus, requiring the formula used in the ring 
method. 

The permeameter is a machine for measuring the flux in 
3 test piece by measuring the force necessary to detach it 
from another part of the magnetic cir- 
cuit. Fig. iSi shows in simple such a 
machine. The magnetizing force is 
supplied by the coil C the same as in 
the divided bar method. The test coil 
and galvanometer are done away with. 
The bottom of the yoke Y is surfaced 
to receive flatly the end of the test rod 
T. When the proper current is flow- 
ing in the coil, the force necessary to 
separate the test piece from the yoke is found by means of 
■ the spring-balance 6". Since the force required to break 




pi(. III. 
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any number of lines of force varies as the square of that 
number, it is easy to calculate the flux, and since 

^ =s area X (S^ 

the magnetic density is readily found The value of JC is 
obtained as in the preceding case. 

123* Determination of the Ballistic Constant. — The 
standard condenser affords the most convenient and accu- 
rate means of determining the constant of a ballistic gal- 
vanometer. If the capacity of the condenser C, and the 
voltage at which it is charged E, be known, then the quan- 
tity of electricity that will flow when the circuit is closed 
through the galvanometer is also known. It is equal to 
EC. By obser\'ing the galvanometer throw $, the value of 
the constant i is determined from 

7, ^^ 
.. AT- ^ 

The coil of a d* Arsonval ballistic galvanometer moving in 
its field has an E,M,F, induced in it, which tends to send 
a current in a direction opposite to that of the current that 
produces the throw, and which, therefore, shortens the 
throw or damps the galvanometer. The magnitude of this 
damping current depends, of course, on the resistance of 
the galvanometer circuit ; hence the constant k should be 
determined with the same external resistance in the gal- 
vanometer circuit as there will be when the test for the 
value of (B is being made. 

To accomplish this an arrangement of apparatus such as 
is shown in Fig. 182, may be employed, the particular fea- 
ture of which is the quadruple contact key. This key is 



TESTS. 



255 



-c 



normally held up against a contact. In this position the 
galvanometer circuit is open, and the condenser is in series 
with a charging battery. 
As the key is pressed down, 
three things occur. First 
the battery circuit is broken, 
then the condenser is dis- 
charged through the gal- 
vanometer, and lastly the 
galvanometer circuit is 
closed through an appro- 
priate amount of resistance 
in the rheostat. 

The ballistic constant may also be determined by the 
use of a long solenoid, with a few turns about its center 
for a test coil. A series circuit is formed (Fig. 183) of 
a battery, a variable resistance, an ammeter, the solenoid. 



€> 



RHEOSTAT 




Tig. x8a. 



^2>L 



RHEOSTAT 



rmmmmm&^^mmmi 





ZL. 



Pig. 183. 

and a key. The ends of the test coil are attached to the 
galvanometer through proper resistance. On closing the 
circuit the current / sets up a field at the center of the 
solenoid, whose intensity, 



ae = 



10/ 
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where / is the length of the solenoid in centimeters, and n 
the number of primary turns. 

If i4 be the area in square centimeters of a cross-section 
of the solenoid perpendicular to the axis, then 

^ ^ uC^« 

If ^ be the number of turns in the test coil, and R be 
the resistance of the galvanometer circuit in ohms, then 
upon closing the circuit and upon establishing the flux «^, a 
quantity of electricity will pass around the secondary cir- 
cuit which is equal to 



Q^k9^ 



o^R id'jRl 



where 6 is the throw of the galvanometer corresponding to 
the current /. Therefore, 

_ 4 irnn^IA 

If the solenoid be less than ten diameters long, this result 
is not accurate, owing to the influence of the ends of the 
solenoid upon the value of JC. 

There have been described numerous methods for deter- 
mining k which depend upon a constant and definite inten- 
sity of the earth's magnetic field. Nowadays the fact 
that the earth's field is constantly changing, both in direc- 
tion and magnitude, due to the prevalence of iron and steel 
buildings, and the extensive use of electric currents for 
trolley, lightning, and other purposes, makes these methods 
practically worthless. 

124. Determination of the Hysteretic Constant. — The 

hysteresis curve for any sample of iron may be found most 
accurately by the step-by-stcp method. The arrangement 
of apparatus is in all respects similar to that of Fig. 179, 
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save that the rheostat R must be so designed that the cir- 
cuit does not open, even for an instant, ni passing from 
one resistance point to another. The method of operation 
is as follows : The rheostat is set for a maximum current 
stren^-th which is determined by means of an ammeter. 
The rheostat handle is then quickly moved back one point. 
This reduces the current and the dependent magnetizing 
force proportionately. There is an accompanying decrease 
of flux in the sample. This decrease is determined by the 
galvanometer throw, the formula being as before, 

Change in (B = kB. 

The ammeter current is again read ; and, as soon as the 
galvanometer comes to rest, the resistance is increased by 
another step, and the throw of the galvanometer is observed. 
After the current has been reduced step by step to zero, it 
is then commutated, and increased by steps until the maxi- 
mum magnetization is obtained in a direction opposite to 
that at the beginning. The current is again cut down by 
steps to zero, is afterwards commutated for a second time, 
and is again increased until the magnetic condition of the 
iron which prevailed at the start is again attained. Giving 
to CB a plus or minus sign, according to the direction of the 
galvanometer throw, the algebraic sum of all the changes 
of (B must equal zero. Therefore the algebraic sum of 
all the galvanometer throws should equal zero. A simple 
addition serves as a check on all observations. In practice, 
the sum of the plus throws may differ from the sum of the 
minus ones by three per cent without seriously affecting the 
final result. Having the maximum value of (B, the (B's cor- 
responding to each can readily be found by subtracting the 
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a in IB from the maximum IB. Upon plotting a cyclic 
-K of the various values of (K and the corresponding 
es of 3C, one obtains a hysteresis loop, as in Fig. 184. 
area of this loop in (fi3C units, when divided by 4v, gives 
ergs loss of energy in carrying one cubic centimeter of 
ron under test through a cycle of magnetization be- 
tween the limits of + S„ and — ffiMo. According to the 
Steinmetz finrnula, 

* = »^"i. 
v^ere A is the loss by hysteresis in ergs per cycle per cubic 
centimeter. Hence, to find the hysteresis constant 7 of 
the sample used in the foregoing test, one uses the formula 



4«'r(B", 



where ^1,=' area of hysteresis curve expressed in (B3C units, 
and y= volume of iron in cubic centimeters. 
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A much less laborious method of measuring rj, and one 
which does not introduce the errors attending the measure- 
ment of the area of a curve, is the wattmeter method. Since 
the iron to be tested is generally for use in alternating cur- 
rent apparatus, this method has the additional advantage 
that the test occurs under the conditions which the iron 
will meet in its working. 

If the ring be made of annular stampings of sheet metal 
well shellacked before assembling, then the loss due to eddy 
currents will be negligible. The arrangement of apparatus, 
shown in Fig. 185, consists of a source of alternating cur- 
rent, a wattmeter, an alternating current ammeter, an alter- 
nating current voltmeter, and the test ring, all connected 
as shown. 
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the resistance of the coil on the test ring ; 

number of turns in this coil ; 

the watts indicated by the wattmeter ; 

the current indicated by the ammeter ; 

the pressure indicated by the voltmeter ; 

the volume of the iron in cubic centimeters ; 

the area of a radial cross-section in square centi- 
meters ; then, assuming the current to be sinus- 
oidal, and of frequency /cycles per second, 
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ng's machine for hysteresis tests is shown in Fig. 1 86, 
..lef ativantage lies in the fact that the test piece needs 
conaitit of but half a dozen pieces of sheet iron §" by 3". 
This test piece is made to rotate be- 
tween the poles of a jiermanent mag- 
iiel. which is mounted on knife ciigcs 
on an axis coincident with the axis of 
riTohition of the test piece. The re- 
sulting angular displacement of the 
magnet, as marked by a pointer on a 
divided scale, is prnportionaJ to the 
hysteresis loss in the specimen. A 
1 calibration curve is plotted by using 
I two different specimens having kno^vn 
hysteretic constants. It is found that 
sniall variations in the thickness of the test piece do not 
affect the results, and that no correction need be made 
for such variations. The machine yields but comparative 
results. 




125. Determination of Leakage Coefficient. — The ratio 
of the total flux generated by a field magnet to the flux 
passing through the armature, that is, the leakage coefficient, 
which is always greater than unity, may be found with an 
arrangement of apjKiratus as shown in Fig. 1S7 where the 
machine is a yokc-woimd bipolar. A test coil of a few 
turns is passed around the center of the field magnet, and 
through it all the lines generated may reasonably be as- 
sumed to pass. A similar coil is passed around the arma- 
ture, in a plane perpendicular to the direction of the flux, 
through which all the armature flux must pass. In the 
case of a small machine, normal exciting current is passed 
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through the field magnet, with arrangements for rapid com- 
mutation. In this case, if one test coil have its ends 
attached to a galvanometer or a low-voltage voltmeter, and 
if the current in the field coil be commutated, a deflection, 
which is proportional to the change of flux, will be observed. 
The same will happen if the other coil have its terminals 
connected to the galvan- 
ometer. If Bf and ^„ be 
the deflections observed 
with the field and the 
armature test coils 
spectively, then, as 
fore. 
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2 //ji 

2 //o 




Fig. 187. 



If the two test coils be constructed alike as regards number 
of turns and resistance, then the values of Ry «j, and k are 
the same in both equations, and we have the leakage coef- 
ficient 

^ _ ^ 

Hence the ratio of the galvanometer throws gives the co- 
efficient without further calculation. 

This method may be employed to obtain the flux in any 
part of the magnetic circuit, and it serves to locate the 
points of greatest leakage. It may also be modified to apply 
to any type of machine. In the case of large machines, 
whose field currents cannot be commutated, a cyclic in- 
crease and decrease of exciting current can be produced 
by means of cutting out and in of resistance in the field 
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Even then the time constants of large field cmIs 
are so great as compared wfth the period of swing of ballis- 
tic galvanometers, that the method is impracticable. 



136. Magnetic Diatrlbntion la the Air Gap. — Since ar- 
mature reactions distmt the magnetic field, it is desirable 
to know the actual distribution of the flux. This may be 





Pl(. itt. Pl(. lig. 

determined by the use of a pilot brush, as shown in Fig. 
i88. A voltmeter is connected between one of the main 
brushes and the pilot brush, and the latter is moved 
through equal angular intervals until the <^posite brush 
is reached. The difference in the voltage of any two 
consecutive readings is proportional to the magnetic flux 
within the angular distance moved over between those 
two readings. 

Two pilot brushes may be used as in Fig. 189. In this 
case the voltage is proportional to the flux corresponding 
to the angular distance between the two brushes. By 
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applying these brushes at successive intervals through 
180° the flux distribution can be determined. 



127. Measurement of Resistance. — a. By voltmeter alone. 
For insulation resistances, or any resistances lying between 
about 5000 and 100,000 ohms, a fairly accurate result may 
be obtained by arranging the unknown resistance x and a 
0-150 voltmeter in series with a source of constant potential 
of about 1 1 S volts. The reading ^ is noted. The resist- 
ance is then short-circuited and the deflection & noted. If 
R be the resistance of the voltmeter, then 



X = 



e 



R, 



Maximum accuracy is obtained when x ^ R. 



AVl/ViMW 





b. By the Method of Wheats tone' s Bridge. If an un- 
known resistance ;r, two known resistances a and b, and 
a known adjustable resistance R be connected as shown 
in Fig. 191, with a galvanometer 6^ and a battery cell Z?, 
a Wheatstone*s bridge is formed ; and, if the resistance R 
be so manipulated as to prevent a flow of current through 
the galvanometer, then the following relation is true : 

a'.b\iR\x, 
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It i» usual to make the ratio a : 6 equal tu sonit: multiple 
or submultiple iif 10. In this case the value of A' is read 
directly from A' with the decimal point suitably placed. 

This method permits of great accuracy. 

C. By ammeter and voltmeter. Resistances of ordinary 
magnitudes are most conveniently measured by measuring 
the pressure impressed on the resistance and the current 
caused to flow thereby. This is the most practical method 
for finding the resistances of armature and field-windings 
of dynamos. 

It is a method so rapid that the value of hot re- 
sistances may be found, and fields can be measured even 



^J 



Fie. i9». 
white the machine is in operation. Fig. 192 shows an 
arrangement of apparatus for measuring the resistance of 
an armature, including the brush and contact resistances. 
If / be the ammeter reading, and E be the voltmeter read- 
ing, then by Ohm's law 



128. Test of Dielectric Strength. — In order to test the 
voltage necessary to break down a sample sheet of insulat- 
ing material, the sample is placed between two flat metal- 
lic surfaces, which are connected respectively with the two 
terminals of a high-voltage transformer, whose voltage can 
be varied at will. An air gap between needle-point ter- 
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minals which can be adjusted in length is connected in 
parallel between the two terminals. The distance between 
these points serves to limit the voltage which can be im- 
pressed upon the conductors on each side of the insulating 
material. For small variations of gap length the voltage 
necessary to produce an arc between the needle-points is 






nearly proportional to the length. The following table, 
taken from the Standardization Report of the American In- 
stitute of Electrical Engineers, shows the relation which 
exists between air-gap length and the voltage necessary 
to produce a disruptive discharge. The relations are also 
exhibited in the curve of Fig. 193. 
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TABLE OF SPARKING DISTANCES IN AIR BETWEEN 
OPPOSED SHARP NEEDLE-POINTS, FOR VARI- 
OUS EFFECTIVE SINUSOIDAL VOLTAGES, 
IN INCHES AND IN CENTIMETERS. 



KlIXIVOLTS. 


Distance. 


RiLOVOLTS. 


Distance. 


Sq. Root of 
Mean Square. 


Inches. 


Cms. 


Sq. Root of 
Mean Square. 


Inches. 


Cms. 


5 

ID 

'5 

20 

25 
30 

35 
40 

45 
50 


0.225 
0.47 
0.725 
1.0 

1-3 
1.625 

2.0 

2-45 
2.95 

3-55 


0.57 
I.19 
1.84 
2.54 

3-3 
4.1 

6.2 

7.5 
9.0 


60 
70 
80 
90 
100 

no 
120 

130 

140 

150 


4.65 
5-85 

8.35 
9.6 

10.75 

11.85 

12.95 

1395 
15.0 


11^ 
14.9 

i8jo 

21.2 
24^ 

27.3 
30.1 

32.9 

35-4 
38.1 



In carrying out the test, the needle-points are adjusted 
at a certain minimum distance apart. The voltage im- 
pressed upon the terminals is raised until a spark passes 
between the points. The air gap is then increased in 
length, and the operation repeated until the sample breaks 
down, and the spark passes through it instead of across 
the air gap. The break-down voltage is then taken from 
the table or curve corresponding to the last position of the 
needle-points. 

The sample should project considerably beyond the 
edges of the compressing surfaces. Owing to surface 
leakage a spark will pass over a very much greater distance 
of the surface of an insulator than it will in free air. 

For the purpose of obtaining a voltage any form of high- 
potential transformer may be used, the primary being sup- 
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plied by an alternating current. Fig. 194 illustrates a 
10,000 volt transformer manufactured for this purpose hy 
the General Electric Co. Its core is of the H type, and 




upon one branch of it is wound the low-tension circuit, 
while upon the other is wound the secondary, consisting of 
four coils, each wound and insulated independently. The 
four coils are assembled upon a sleeve of heavy insttU.t\«t 
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material. The transformer is immersed in oil, and its 
primary is wound in two parts so that it may be used upon 
a 52 or a 104 volt ciraiit. The adaptation to either of 
these circuits is rendcretl possible by means of a porcelain 
series miilliple connection bt>ard which is placed inside the 
inclusin;; case. On the top of the apparatus is a bo.>c with 
a glass window, which incloses a micrometer spark gap, 
which is connected in shunt across the high-potential 




"^.'J- 



tcrminals. This box or cover carries 
four lon^ contact studs which fit into 
sockets, id the transformer box the 
apparatus is si> arranged that the lifting 
up of this cover fui- tlie piirpiwc iif ad- 
justing the si^rk gap entirely discon- 
nects the spark g;ip from ihc high-p<nential circuit. The 
connections uf this apparatus to a sample under test are 
shown in Fig. 195. 

This apparatus may also be employed in determining 
whether a given sample of insulation will withstand an im- 
pressed electromotive force without breaking down. The 
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length of the gap is set so as to represent the value of the 
prescribed electromotive force, and the sample is subjected 
to the pressure which maintains a spark across the gap, 
III case of break-down the spark at the gap will cease. 

In case it is desired to test the dielectric strength of the 
sample at some other than normal temperature, the sample 
may be pressed between two surfaces of the apparatus 
shown in Fig. 196, which was described by Mr. Charles F, 




Scott. Two carefully faced blocks of cast iron are re- 
cessed so as to receive coils D and ly of asbestos-wound 
wire. These coils are supplied with alternating current 
which raises the temperature of the disks by means of 
eddy currents and hysteresis losses. Upon shutting off 
the current, the disks and insulating material soon assume 
a uniform temperature, which can be measured by means 
of a thermometer whose bulb is inserted in a hole in the 
upper disk. The two disks are made the terminals of the 
high-tension circuit. Connections with the circuit which 
is used for heating purposes must of course be removed 
during the test. 
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The report of the committee on standardization of the 
American Institute of Electrical Engineers gives the fol- 
lowing: "The dielectric strength or resistance to rup- 
ture should be determined by a continued application of an 
alternating E.Af,F. for five minutes/* 

" The test for dielectric strength should be made with 
the completely assembled apparatus and not with its indi- 
vidual parts, and the voltage should be applied as fol- 
lows : I st, Between electric circuits and surrounding 
conducting material, and 2d, between adjacent electric cir- 
cuits where such exist." 

The report further recommends for apparatus, not in- 
cluding switchboards and transmission lines, the following 
testing voltages : — 

RATED TFKMINAL VOLTAGB. CAPACITY. TSSTING VOLTAG«. 

Not exceeding 400 volts Under 10 K.w. . . 1000 volts. 

Not exceeding 400 volts 10 k.w. and over 

400 and over, but less than 200 volts Under 10 K.w. . 

400 and over, but less than 800 volts 10 K.w. and over 

800 and over, but less than 1200 volts Any .... 

1200 and over, but less than 2500 volts Any .... 



1500 volts. 
1500 volts. 
2000 volts. 
3500 volts. 
5000 volts. 



J . ( Double the norma] 

2500 and over Any . . < . , 

I rated voltages. 

Synchronous motor fields and fields of converters started 

from the alternating current side 5000 volts. 

The values in the table above are effective values, or square roots of 
mean square reduced to a sine wave of E.M.F. 

When machines or apparatus are to l)e operated in series, so as to em- 
ploy the sum of their separate E.M.F^^^ the voltage should be referred to 
this sum, except where the frames of the machines are separately insulated 
both from ground and from each other. 

129. Determination of the Magnetization Curve of a 
Shunt-Dynamo. — To find the relation between the exciting 
Current and the no-load terminal volts of a shunt machine. 
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excite tne shunt fields, Fig. 197, from an external source, 
first passing the current through a variable resistance and 





Fig. 197. 

an ammeter. Run the machine at a constant speed through- 
out the test. If a voltmeter be placed across the armature 
terminals a pressure can be read corresponding to each 
exciting current, and a curve can be plotted using volts as 
ordinates and amperes as abscissae. Because of residual 




Pig. 198 

magnetism there are some volts with no exciting current, 
and hence the curve. Fig. 198, does not pass through the 
origin. 

If the voltmeter be read while the current is increasing 
by steps to the maximum, and again while the current isj 
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decreasing^ step by step, the two curves will not coincide ; 
the descending curve will lie above the other as in Fig. 199. 
This is because of the hysteresis or magnetic retentivity of 
the iron of the magnetic circuit. 




Fig. 199. 

130. Efficiency of Dynamos and Motors. — The efficiency 
of these machines can be determined by any one of the 
following methods : — 

a. Run the machine at its proper speed as a separately 
excited motor. Let the excitation be normal. By means 
of ammeter and voltmeter readings determine the electrical 
input, the motor having no load upon it. The arrange- 
ment of apparatus is shown in Fig. 200. The power put 
in represents the PR losses in the armature and the field 
plus the losses which are generally considered as constant 
at aP loads. These constant losses are those due to fric- 
tion, hysteresis, Foucault currents, and windage. They 
are equal to the no-load input minus the no-load PR arma- 
ture and field losses. The PR losses can be calculated at 



any useful load. The efficiency at that load is equal to 
the load divided by the load plus the sum of the constant 




losses and the toad l^R tosses. The machine at the time 
of no-load test should have the same temperature as it 
would have under the load for which the efficiency is being 
calculated. 

b. Run the machine as a motor at its 
rated speed and temperature. Measure 
the electrical input by a voltmeter and an 
ammeter. Measure the mechanical output 
by a Prony brake. Then the efficiency, 

watts at brake 
watts input 

There are many kinds of brake or ab- 
sorption dynamometers that may be used 
for this test. The most satisfactory one ^e- «"■ 

for motors of small size is the strap-brake shown in 
Fig. 201. A piece of leather belting and two spring 
balances are all that is necessary. The formula for the 
absorbed power is, 

2irrV(P -r") 




where / 



Watts = --^x 746, 

= the radius of the pulley infect ; 
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V= number of revolutions per minute ; 
{P — P') = the difference of the two-scale readings in 
pounds. 

Fig. 202 shows a form 
of brake applicable to lar- 
ger machines. The for- 
mula for the power ab- 
sorbed isy 




c 



— ^ 



Fig. 908. 



2irrVP 
Watts = X 746, 

33000 



where r is the perpendicular distance from the center of 
the pulley to the line of action of the scale in feet, P the 
scale reading in ix)unds, and / " the number of revolutions 
per minute. The brake should be so poised as to give no 
reading on the spring at no load. 

The brake may be made with a metal strap having 
spaced blocks on its under surface that screw down against 
the wheel, and for the spring balance one may use a plat- 
form scale having a prop extending to the lever arm of the 
brake. For large machines the heat generated by the 
absorption of considerable power at the face of the pulley 
causes an excessive rise of temperature. It is necessary 
to find some means of carrying the heat away. This is 
generally accomplished by flanging the inside of the brake- 
wheel, forming a trough in which water is kept running. 
Centrifugal force throws the water against the internal 
circumference of the wheel and prevents spilling. The 
water is removed either by a proj:)erly placed scoop, or it 
may be allowed to boil out. 

c, A convenient method of finding and separating the 
losses of a machine is one which makes use of a rated 
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motor, i.e., a motor whose mechanical output is known for 
any given electrical input. By reading the volt-ampere 
input of the motor the power expended on the machine to 
be tested can be found. Run the machine by the rated 
motor at the proper speed. If the brushes be removed 
from the machine, and no current be flowing in the field 
coils, then the power expended on it is the loss due to 
friction at the bearings and to windage. Now let the 
brushes be set, then the power expended is the loss due to 
windage, bearing friction, and brush friction. By sub- 
traction the brush-friction loss is found. This is greater, 
particularly in small machines, than is generally supposed. 
Now let the fields be separately excited by the normal 
current, and the losses due to hysteresis and eddy currents 
are included in the power expended on the machine. 
From a knowledge of the hot resistances of the machine, 
one can calculate the /'^ loss for any useful load in both 
armature and field windings. This useful load divided by 
the sum of the useful load and all the losses, gives the 
efficiency of the machine at that load. 

d. The methods a^ by and c all require some outside 
electric power. This requirement can be avoided by the 
use of a transmission dynamometer to measure the power 
input of any machine, and the power output can be read by 
a voltmeter and an ammeter. This method is seldom re- 
sorted to, since transmission dynamometers are often unre- 
liable, they are expensive to set up, and some forms have 
but a limited power range. 

Professor Goldsborough has recently devised a very 
ingenious dynamometer which consists simply of a coiled 
or helical spring with the center line of the helix corre- 
sponding with the center of the shaft. This spring con- 
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nects the driving and driven members. Readings are made 
1^ means of two instantaneous contact points mounted, 
«ie on the driven and unc un the driving-shaft, which are 
connected in series with each other and with a battery 
and telephone receiver. As the spring becomes deflected 
by a load, the contact on the driven shaft falls back, 
and the corresponding brush must be set back bv the 
same angle in order to obtain a click in the telephone. 
This angle is a direct measurement of the torque, and can 
be calibrated at mandstUl. 

e. The efficiency of direct connected units can be found 
by using the indicator card from the steam-engine to deter- 
mine the iKiwtT input, and by using a voltmeter an<i an 
ammeter for determining the electrical output. Even if 
the engine losses were exactly kno^vn, the measurements 
yielded by an indicator card are hardly exact enough to 
afford a fair basis for testing the efficiency of a generator. 
In other than direct-connected units it is not frequent that 
one finds a generator driven by an engine that does no 
other work. 
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Air-gap, 69, 81,85. 

distribulion in, 26:, 87. 
Ampere-iurns, 21, 245. 
Angle of tag or lead. 61. 
Annatures, 34, 47, Ji. 

Back-tarns, 8z. 

Bearings, 64. 

Booslers. 216. 

Box, starting fot motors, 169. 

prony, 173. 
solenoid, tS2. 
strap, 180. 
Brushes, 60, 61, 86. 90. 

Candle-power of arc lamps. 130. 
of incandescent lamps, 103. 
Capacity of a dynamo. 36. 
Cauteries for surgeons, 215. 
Cbord Minding. 52. 
Circuits, divided. 7. 8. 
Coefiicient : 

economic. 93. 

of series dynamo, (;7. 

of compound dynamo. 111. 

of shunt dynamo, too. 



of 



of magnetic leakage, 73. 260. 
of self and mutual induclion, 

17. 18. 
of temperature, 5. 



46,49. 

compound, 71, 24'i. 

field. 71- 

formed, 55. 
CoUedion of currents, (n. 
Commutation, S4. 
Commutator : 

construction of. 59. 

losses at, 59. 

principle of, 32. 77. 

segments of. jj. 
Compounding : 

in motor, 1 74. 224- 

windings for, 71, 1 1 1. 
Conductivity, 5. 

of copper, 6. 
Connections : 

ibined output, il8. 



of n 
series dyna 
ahuni dyna 
shunt dyna 






lU.r.. 48. 



determination of ballistic by 

determination of ballistic by 

long solenoid, 255. 
determination of ballistic earth's 

field, 356. 
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Constant : 

detennination of hysteretic, 256, 
259, 260. 

hysteretic, 29. 
Contact of brushes, 60. 
Controller : 

for mill motors, 206. 

for street-railway motors 197. 

fingers for, 198. 

reversing lever, 199. 

wipes, 198. 
Core, armature, 37, 57. 

field, 67. 
Correction for tooth densities, 343, 
Cross-magnetization. 80. 
Current density, 72. 

in armature, 234. 
Currents, foucault or eddy, 38, 90. 
Curve, B-H., 24, 25, 244. 

characteristic, 96, 98, loi, 174. 

detennination of B-H, 251. 

determinization of magnetiza- 
tion, 270. 

Demagnetization, 82, 246. 
Density of flux, 22. 

in air-gap, 233. 

corrections for, in teeth, 243. 

determination of distribution 
of, 262. 

in field, 131, 241. 
Design, data sheet for, 247. 

different methods of, 232. 

of armature, 235. 

of field, 241. 

preliminar)' assumption for, 233 

specifications for, 233. 
Diameter of armature, 237. 

of shaft, 64, 119. 
Dielectric test of insulation of, 268. 

test of strength of, 364, 270. 



Direction of induced £. M. F., 16. 

of rotation of a motor, 161. 
Drop. 4. 
Drums, 34, 51. 
D3rnamo: 

arc lighting, 129. 
Brush, 134. 
Westinghouse, 141. 
Wood, 143. 
Excelsior, 147. 
Ball, 149. 

Thomson-Houston, 151. 
Western Electric Co., 156. 
definition of, 31. 
direct-driven, 118. 

Bullock Electric Co., 127. 
Crocker- Wheeler, 123. 
General Electric Co., 121. 
Lundell, 88, 124. 
Sprague Electric Co.,8S, 124. 
Westinghouse Co., 119. 
Dynamotors, 208. 

armature, reaction in, 208. 
for Bullock teazer system, 209. 
for electrometallurgy, 211. 
as rotary equalizer, 212. 
for telegraphic work, 213. 
Dyne, definition of, i. 

Efficiency, 92. 

of compound dynamo, 112. 

of compound motor, 165. 

determination of, 272. 

of direct connected units, 276. 

of motors for automobiles, 202. 

of shunt motors, 166. 

of series motors, 166. 
E. M. F. : constant supply of, 
103. 

counter in motors, 163. 

direction of induced, 16. 
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E. M. F. : 

in shunt dynamos, 100. 

in separately excited dynamos, 

95- 
in series dynamos, 97. 

of induction, 14. 

of self and mutual induction, 

17, 79» 84. 

of eddy currents, 38. 

principle of production of, in 
armature, 32. 

unit of, 3. 
Energy, 1,89. 
Equalizer, bus, 222. 

rotary, 212. 
Erg, I. 
Excitation, mutual, 222. 

separate, 94. 

of fields, 69. 

Fall, of potential, 4. 
Feeding-points, 104. 
Field, magnetic, 12, 21, 67. 
Fleming's rule, 16. 
Fluctuation of E. M. F., 34. 
Force, magnetizing, 22. 

magnetomotive, 20, 26, 245. 

units of, I . 
Foot-pound, I. 

Frequency of commutation, 84. 
Friction of bearings, 89. 

of brushes, 60. 
Fuses, 10. 

Gap, air, 69, 81, 85, 233. 
Generators [see dynamo], 31. 

Ileat of current, 9. 
Heating of armatures, 39. 
Holders for brushes, 6 1 . 
Hysteresis, 27. 



Hysteresis : 

losses by, 89. 

Inductance, 17, 18,84. 
Induction : 

electro-magnetic, 13. 

mutual, 18. 

self, 17, 79. 
Inductors, 34, 45. 
Input, 92. 
Intensity of magnetic field, 1 2. 

Jig, for filing brushes, 62. 
Joints in magnetic circuit, 76. 
Joule, definition of, i. 

Lag, 82. 

of brushes in a motor, 165. 
Lamination, 38. 
Law of Steinmetz, 29. 
Lead, 82. 
Leakage, magnetic, 73. 

determination of, 260. 

in compound motor, 175. 
Length of armature, 237. 

of active conductor, 235. 
Lines of force, 12. 
Link, fuse, 10. 
Losses, 92, 93. 

armature, 238. 

commutator, 59. 

fixed, 167. 

I^R, 9. 

in operation, 89. 
variable, 167. 
Lubrication, 65. 

Magnet, field, 35, 6<;. 
Magnets, 70, 96. 
Materials, insulating, 6. 
magnetic, 24, 68. 
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Matthiessen, standard of, 6. 
Measurement of temperature rise, 42. 
Melting of commutator bars, 83. 
Meters, recorcUng watt-hour, 182. 
Mica, 7. 59. 
Mil, circular, 6. 

•foot, 6. 
Motor, brake, 1 79. 

compound wound, 174. 

counter E. M. F. of, 163. 

direction of rotation of, 161. 

for railways, 187. 

for automobiles, 200. 

for mills, 203. 

principle of, 161. 

rated, 274. 

scries, 185. 
Mot or- generate IS, 215. 

Oilers, 65. 

Operation, care in, 225. 
Output, 92. 

Over-compounding, iii. 
coils for, 246. 

Permeability, 22. 
Permeameter, 253. 
Permeance, 25. 
Plane : 

commutating, 78. 

neutral, 78. 
Point, running on controller, 197 
Pole, magnetic, 12. 
Pole pieces, 67, 75. 
Potential, magnetic, 19. 
Power, lines of, 99. 

of electric current, 8. 

unit of, 2. 
Pressure, 4. 

Prevention of sparking, 85. 
Process of commutation. 77. 



Rating of machines, 39. 

Reaction of dynamo armature, 80. 

ot dynamotor armature, 208. 

of motor armature, 165. 

Rectifier, compounding, 112. 

Re-entrancy, 46. 

Regulation, arc dynamo, 132. 

hand, 104. 

self, 110-113. 

(see speed). 
Reluctance, 25. 

of dynamo-magnetic circuit, 242. 
Reluctivity, 26. 

Report of Standardization Commit- 
tee of the American Insti- 
tute of Electrical Engineers: 

on efficiency, 92. 

on regulation, 1 16. 

on spark-gap voltages, 266, 

on temperature elevation. 40. 

on testing dielectric strength, 
270. 
Resistance, armature, 240. 

brush contact, 60, 90. 

measurement of, 263. 
Resistivity, 5. 
Retentivity, 28. 
Rheostats, Carpenter enamel, 108. 

overload, 172. 

packed card, 105. 

starting, 169. 

Ward Leonard Electric Co., 
108. 

Wirt, no. 
Rise of temperature, 41. 91, 60. 
Rockers, 61, 64. 
Rule, Fleming's, 16. 

Saturation of teeth, 85. 
Shafts, 64. 



Shape ol pole jneces, S6, 

Sheet, data for design. 247. 

Shell, magnetic. 20. 21. 

Shifting of brushes, 85. 

Shoe, pole, 75. 

Short-circuil of armature coil, 226. 

Skening of jield, Si. 

Slip-rings. 31, 

Slotting of poles, 86. 

tjolenoid, 21. 

brake, iSo. 
Span, polar, 69. 
Spark, voltage of, 266. 
Sparking. 61, iij, S5. 1:5, 
Spectrum, magnetic, 13. 
Speed, armature, 239. 

moio,, 163. 

.lo». r78. 

hand regulation of, 175. 

Leonard system of regulalion, 
176. 

Steinnietz. law of. 29. 
Strength, lesl of dielectric, 204. 
Surface, for radiation in armature, 
240- 

Teazer for Bullock system of speed 

Teeth. H5. 
Temperature, critical, 25. 

rise of, 41, 43, 60, 91. 



Tension of brusb- Springs, 62. 
Theory of self-regujation of dftm^ 



;r for high polenliaLs, 266. 



of polenlial difference, 3. 
of resistance, 3. 
pole, IS. 

Velocity, peri pheia] of annature, 234. 
Ventilation, ducts for, 39. 
Vulcabeston, 7. 

Watt, definition of, 2. 
Wheatslone's bridge, 263. 
Windage. 8c;. 
Winding chord, 52. 

closed^coil, 4J. 

cross -connected. 48. 

ring. 47- 



- 1>, 97- 

shunt, 70. 97. 
Wires, binding, 55. 
Work, I, 9, 19. 

Yoke, 36, 67. 
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THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprisine Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnbar Cijirk, M. Inst. C.E.. 
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, rounded 
comers 8/0 

Summary op contents:— mathematical Tables.— Measurement op Sur« 
PACES AND Solids.— English and Foreign weights and m basurbs.— Moneys.— 
Specific gravity, weight, and volume.— Manufactured Metals.— steel Pipes 
— Bolts and nuts. — sundry Articles in wrought and Cast iron. Copper 
Brass. Lead, Tin, Zinc— strength of Timber.— Strength op Cast Iron.— > 
Strength of wrought iron.— strength of steel.— Tensile Strength op 
Copper, Ljsad, dec— Resistance of Stones and other Building Materials.— 
Riveted Joints in Boiler Plates.— Boiler Shells.- wire Ropes and Hemp 
Ropes.— Chains and Chain Cablbs.—framing.— Hardness of Metals. Alloys, and 
Stones.— Labour of Animals.— Mechanical Principles.— Gravity and Pali, op 
Bodies.— Accelerating and retarding Forces.— Mill Gearing, Shafting. Ac- 
Transmission of Motive Power.— Heat.— Combustion : Fuels.— warming. Venti- 
lation, cooking stoves.— Steam.— Steam Engines and boilers.— Railways.— 
Tramways.— STEAM Ships.— Pumping Steam Engines and pumps.— coal Gas, Gas 
Engines, &c.— air in Motion.— Compressed Air.— Hot Air Engines.— water 
Power.- Speed of Cutting tools.— Colours.— Electrical Engineering. 

" Mr. Clark manifests what is an innate perception of what is likely to be useftil in a pocket* 
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineering subject concerning which this work supplies no information, and the 
•xceUmt index at the end adds to its utility. In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
weairisome hunt through various text*books and treatises, and, as such, we can heartily fcoo u nend 
k to our readers."— 7a« Etigituer. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 650 pages which should be more compact or convenient for pocket reference. ... ^ ill 
be appreciated by mecbamcai engineers of all classes."— /VocNoi/ Hrig^ftfer 



CROSBY LOCK WOOD S- SON'S CATALOGUE, 



MR. MUTTON'S PRACTICAL HANDBOOKS. 



THE W0RK5' MANAQER'5 HANDBOOK. 

ComprUing Modern Rules^ Tables, and Data. For Engineers, Millwright 
and Boiler Makers ; Tool Makers, Machinists, and Meul Workers ; Iron ac 
Brass Founders, ftc. By W. S. Hutton, Civil and Mechanical Engines 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefull 
Revised, with Additions. In One handsome Volume, medium 8vo, stroag: 
bound. IJttst PnbHshed, 1 6/< 

^f^' Thi A tithor having compHtd RmIss and Data for his own na in a grtt 
variety of modgm tnginetrin^ work, and having found his notts extremily MS»f% 
dtcidid to publish tMm — revised to date — belitving that a practical work, suited i 

th* DAILY REQUIREMENTS OF MODERN ENGINEERS, WOUld b§ fuVOUrohly rtcHved. 

" Of this edition we may repeat the aiipreclatiTe renuu-ks we made upott the first and thir 
Since the ap|)earance of the Litter very coiistderable modifications have been made, althouflt tJ 
total number of p»gcs remains almost tne same. It is a very useful collection of rules. taU«, ai 
workshop and drawing office data."— TAf Encinetr, May to,' i8m. 

" The author treats every subject from the point of view of one who has collected worksbi 
notes for application in workshop practice, rather than from the theoretical or literary aspect. T1 
vohiroe contains a great deal of that kind of information which is gained only by practical experienc 
and is seldom written in l>ooks." — The F.nj^nter, June 5. 1885. 

" The volume \\ an exceedingly useful one, brimful with engineer's notes, memoranda. «i 
rules, and well worthy of l»einif on every mechanical engineer's Ixwkshelf." — Meckanicat IVorld. 

" The infomintiou is precisely that likely to be required in practice. . . . The work fofx 
a desirable addition to the library not only of tlie worlcs* manager, but of any one connected wi 
general en^neering." — .\fitnHf^ yaurMal. 

" Bnmful of useful infomiatiun, stated in a concise form, Mr. Hutton's books have met 
pressing want among engineers. The l>ook must prove extremely useful to every practical nOi 
poscessTng a co\^y."— Practical F.njiriHttr. 

THE PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotiv 
and Stationary. And containing a lar(^e collection of Rules and Practic 
Data relating to Recent Practice in Designing and Constructitig all kinds 
Engines, Rollers, and other Engineering work. The whole constituting a cor 
prchensivc Key to the Board of Trade and other Examinations for Certificat 
of Competency in Modem Mechanical Engineering. By Walter S. Huttoi 
Civil and Mechanical Engineer, Author of "The Works' Man.iger's Handbo< 
for Engineers," &c. With upwards of 370 Illustrations. Fifth Elditio 
Revised with Additions. Medium 8vo, nearly 500 pp., strongly bound. 

[Just Published. 1 8/ 

B^^ This Work is designed as a companion Author's "Work 

Manackr's Handbook." // possesses many new and features, and co 

tains, like its predecessor, a quantity of matter not originally ntendedfor publicatio 
but collected by the A uthor for his own use in the c nstruc on of a great variety 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated I 
upwards of ^^70 Woodcuts ; and comprises a quantity of tabulated matter of grei 
value to all engaged in designing, constructing, or estimating for Engines, Boiler 
aiM/oTHKR Engineering Work. 

" We have kept it at hand /or several weeks, referring to it as occasion arose, and we have a 
on a single occasion consulted its piiges without finding the information of which we were in quest 
—jlt/uM^tum. 

" A thoroui^hly good practical handlxmk, which no engineer can go through without learali 
something tJiat wiU be of service to him." — Atarine En^Heer. 

" An excellent lK><>k of reference for engineers, and a valuable text-book for students 
engineering. " — Scotstnan. 

"Tins valuable manual embodies the results and experience of the leading authorities < 
mechanical engineering." — BtiiiJitig News. 

" The author has collected together a surprising quantity of rules and practical data, and h 
shown much judgment in the selections lie has made. . . . There is no doubt that this book 
one of the most useful of its kin<l published, and will be a very popular compendium."— ^»v''»«<*' 

" A mass of information set down in simple language, and in such a form that it can be easi 
referred to at any time. The matter is unifonnly good and well chosen, and is greatly elucidate 
by the illustrations. The lK>ok will find its way on to most engineers' shelves, where it will rank 
one of the most useful books of reference." — Practical Enginttr 

" Full of useful inform.itinn. and should be found on the office shelf of all practical engineen 
'^ English Mtchanic. 
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MR. MUTTON'S PRACTICAL HkUOBOOKS-continuid. 



5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam- Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 1 8/0 
Bl^^ This Work is issued in continuation of ttu Series of Handbooks written 

gf the A uthor, vis. : — " The Works' Manager's Handbook " and'* The Practical 
ncinbbr's Handbook," which are so highly appreciated by engineers for the 
practical nature of their information ; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference^ of such a large amount of thoroughly practical information on Steam- 
Botiers, wiU be of considerable service to those for whom it is tntertded, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

*' One of the best, if not the best, books on boilen that has ever been published. The infor- 
mation is of the ri^ht kind, in a simple and accessible fonn. So far as f^eneration is concerned, thb 
ll, undoubtedly, tne standard book on steam practice." — Electrical Rtvirw. 

" Ercry detail, both in boiler design and management, is clearly laid before the reader. Th« 
vohime shows that boiler construction has been reduced to the condition of one of the most exact 
idences ; and such a book is of the utmost value to the /In de siicU Engineer and Works Manager.' 
—Mmrine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical t)ook for those who are occupied 
in tlie construction, design, selection, or use of hoileT%,"—Enjg^neer. 

" The book is of so iinportant and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thorougtily 
iaibnned. We strongly recommend the book for the intrinsic value of its contents."— AfiaMt'Mrry 
MmrAet. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous 'Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Tehpleton, Author of 
" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,'^ "The Practical Engineer's Hand- 
book," &C. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 lllua* 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 8/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for It contains much 
vabiable information which the mechanic will often find of use, and not a few tables and notes which 
he nikjht look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' "—fn^/tM Mechanic. 

"' It has met with great success in the engineering workshop, as we can testify ; and there are 
many men who, in a great measure, owe theu rise in life to this little book."— ^MiAib'fv 



" This familiar text -book— well known to all mechanics and engineers— is of essential service 
to the every-dav requirements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in i<AA."'—BuHd»nf 
Ntmt. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new tMok. It will be largely used in the oflke and workshop."— 
Meehmttifal lV»rid. 

" The publishers wisely entrusted the task of revision of this popular, valualde, and usefu 
book to Mr. Hutton, than whom a more competent man they could not have found." — Ir^n. 



ENQINBER'5 AND MILLWRIQHT'5 ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. iSmo, cloth ... . 2/8 

"Occu(Mes a foremost place among books of this kind. A more sultaiile present to an 
apprentice to any of the mechanical trades could not possibly be made.* — Building Nrmii, 

"A deservedly popular work. It should be in the 'dnkwex' <A tc^tx^ xDM^«si«:.r— Bwi;Us.X 
Jifechanie. 



4 CROSBY LOCK WOOD S* SON'S CATALOGUE, 

THE MECHANICAL ENQINEER'5 REFERENCE BOOl 

For Machine and Doiler Construction. In Two Parts. Part I. GsKm 
KN<;iNKKKiN(i Data. Part II. Boiler Construction. With 51 Plates a 
numerous Illustrations. By Nei^son Foley, M.I.N. A. Second EUlitic 
Revised throuuhout and much Enlarged. Folio, half-bound, net . £3 8 

PART l.-MP..\srRFS.— CiRCVMFERF.NCHS AND ARRAS, Jkc., SQUARES, CUBI 

Fourth powhrs.~s«ji'arh ani> Ci'br roots.— Si- rhach op Tubes.— kecii'rocals 
LOGARITHMS. — Mhnm'ra I ION. — Specific graviiirs ani> Wrights.— Work a: 
Power. — H HAT. — <"oM HI'S I ION. — Hxi>ANS!ON AM> Co>nRACTioN.— Expansion 
Cases.- stf.am.— .STAT ic Forchs.— (;RAViTATir)N and Attraction.— Motion ai 

COMPl'IAIION OF Rl'.Sri,llN<; FORCF.S,— ACCVMI'I.ATRIJ WORK.— CRNTRB AND RADT 
OF r.YRAllON.- MoMH.NT OP INHRTIA.— CENI RE OF OSCILLATION.— ELECTRICITY 

Strrn(;th of Maikrial^— Elasiicity.- Tfst sheets of Metals.— Friction 

TRANSMISSIi>N OF ToWRR.— FLOW OF Liyi'IDS.— FLOW OF CASE!;.— AlR PlTMPS. SURFAi 
CONI>HNSI-R«i. Ac— SPKRIIOF Si R A MSIIIPS.—PROPKLLHRS.— CUTTING Tt)OLS.— FLANCI 

—Copper shhhts and tl'bhs.- scrkws. Nuts, Bolt Heads. &c.— Various Rscip 

AND MlsrHl.l.ANhOUS MaTTHR.— WITH DIAGRAMS FOR VALVE-C;raR, BELTING A] 

ROPRS, I)ischak(;k and Suciion Pipp^s, screw Propellers, and Copper Pipes. 

PART 11.— TRRATINC. OF POWER OF BOILERS.— USEFUL RATIOS.— NOTHS < 

Construction. -Cylindrical Boilhr Shhlls. — Circular Furnaces. — Fl. 
Plates.— s i ays. — CtiRDHRS.- srRE>\'s. — Hydraulic Tests. — Riveting. — Boiu 
Setting. Chimneys, and Mountings.— Fuels, &c.— Examples of Boilrrs and spbs 
OF Stramships.— Nominal ani"» Normal Horsr Powhr.— With DIAGRAMS for ai 

BOILKR CALCUI.A1I0.NS AND DRAWI.M;S OF MANY VARIETIES OF BOILERS. 

" The b<M^k is one which every niechankal engineer may, with advantage to himself^ add 
his library." — /HJusfrirs. 

" Mr. I-oli'y is wvll fittr^l to compile such a work. . . . The di»(^.iins are a ereat featt 
of the work. . . . Ki*t;.iriliiti; the whulc work, it in.iy l>c very fairly stated that Mr. Foley t 
pr«Mlii( ft| .1 vohiinr which will iin'ioulitcdiy fiilhl the desire of the author and Ikccunie indis|>ensa1 
to all iii«*< h.inii .il iii>»inccr«;." — Mariur J'Ht^iuerr, 

" W« li;iv«» cirffully rx.iiiiiurd this work, and pn^nounce it a most excellent refejenco bo 
for the use of iii.tniio ciinuifHrni." — yonmal o/ Afntruan Soiiety 0/ Naxwtt hni,'infers. 

COAL AND SPEED TABLES. 

A Pixket r.iH>k for Eni»ineers and Sie.im Users. By Nei-SON Foley, Auth 

of "The Mechanical Kngineer's Reference Hook." Pocket-size, cloth . 3/ 

" The«,«»t.il>l«*saro dt-sii^ufil to meet the reciuircinents of evcry-ilay use: are of sufficient sco 
fur most pr.u ti( .il piirtH>scs, an'i may l>c conunendvtl to eiit^neers and users of steam." — /rv«i 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Oas Knginks, and Part II. on Heat Engines. 1 
T. M. GooDF.vK, M.;\.. Harrisler-.it-Law, Professor of Mechanics at the Roy 
College of Scirnce, lx)ntlon ; Author of " The Principles of Mechanics," " Tl 
FJenients of Mech.inisin,"&c. Fourteenth Edition. Crown 8vo, cloth . 6/ 

" Professor (iixMleve li.is given us a tre.itise on the steam enjfine which will l^ar comparisi 
with anytlin^ written by Huxley or .Maxwell, antl we can award it no higlier praise." — EHgineer. 
" Mr. (tooileves tcxt-l>ooK is a work of which every younf; engineer should possess himseL 

ON GAS ENGINES. 

With .'\piM?ndix descrihing a Recent Engine with Tube Igniter. By T. B 

GoooF.vF., M.xK. Crown 8vo, cloth 2/ 

" Like all Mr. r.ooileve's writinifs. the present is nu exception in point of general exceUenc 
It Is a valuable little volume." — Mtchanical World. 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.l 
Fifth P'.dition. i2ino, cloth Q/l 

" The Kist treatiM? that h.is ever l>ecn published on steam boilers. —F.Hgineer, 
"The author shows hunself t)er(ect m.nster of his subject, and we heartily recommend < 
cm[>luyini; ste.uu power to pi>ssevs tnemsvlves of the work."— /^j/flwifj Iron Tt-aa* Circular, 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences. Decimal Etjuivalenis, in inches and feet, millimetre 
.sfjuares, c»il>es, roots, &c. ; Weights, Measures, and other Data. Also Pra 
tical Rules for Modern Flngine Proportions. By R. Edwards. M.Inst.C.I 
Fcap. 8vo, cloth. [Just Puhiisked. 3/1 

'* A very useful little volume. It ctmt.tins many tables, cbssificd data and memorand 
•nerallv useful to cn^iueers." — iiut^tnftr 

ihis sin.il] lK>ok is what it professes to l>e. viz. : — 'a handy office companion,' giving as 
does. In a succinct fonn, a variety of information likely to be required by mechanical engineers i 
their everyday office work."— AVi/»rv. 
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A HANDBOOK ON THE STEAM BNOINE. 

With MndiJ Rif^rcnix is Small and Mcdium-uicd Enginu. For ibe Use at 
Kngine Wjiltm, M«hMieil Dr»ughi™»n. Eiigin«ring Slodtnli, ind UHn 
of Stcjun Power. By HiRHAH Haeder, C.E. Traii>ru«l From the GsTniu 
with a>ii>id«>ibl< idduions Rnd Kllcintion^ by H. H. P. PuwLRS, A.M.I.C.E., 
M.l.M.E. Second Edhion, RcvIihI. Whh ncarlr i,ii» lUuiuuioat. 
Crown Bvo, cUh 010 

BOILER AND FACTORY CH1MNEY& 

Their Dnughi-Powei snd Stability, Wiih 1 cbipier od Lighlnmg Comliiclart. 
By RoBEiiT WiijoN. A.I.C.E., Author o( "A TreiiiK on Steam Boilos," Ac 



BOILER MAKER'S READY RECKONER & ASSISTANT. 

With EMinplM of Practicil Giomitry and Templating, for the U« o( Platon, 
Smithi, and Riveters. By John Courtney. Edited by D. K. Clark. 
M.I.C.E. ThirdEdilion, ttopp., wItbiiolllunraiioiK. Fop. Svo . 7/0 

REPRIQERATINO « ICE-MAKINQ MACHINERY. 

A DcKriplive Treatise for the Uk of Persons Employing Reftijeratini 
■nd Ice-Makini IniuUuions and olhen. By A. J. Wallis-Tavlmil 
A.-M. Init.C.E. Second Kdition, Revised and Enlarged. WtihllliutrBliaiu. . 
Crown Bvo, doth. UustPubiiskta. 7ie 



TEA MACHINERY AND TEA FACTORIES. 

K Descriptive Treatise on the Mechanical Appliancei required in the Cult 
■- -'■■- "" "' •■ ■■- ■■ ■•™ of Tea for the Marl— "■■ • 



nt and the l^vpontior 



Medium 



~ea for the Market. By A. J. 
Hum Bvo, ,6B pp. Wth iiB 
l/utl PuilUifd. Ntl 28/0 



CUTtedoutby thimwdunerjr,"— yawnw/ iortc(j^.'/rrr. 

ENQINEERINQ ESTIMAFES, COSTS, AND ACCOUNTS. 

A Guide to Commeidal Engineering. With numerous examples of Euimaia 
and Cdsu of Millwrighl Work, Miscellaneous Productions Steam Engines and 
Steam Bailers; and a Secilun on the Pteaitaiian of Cosii Account!. Bj 
A GaiiKKAL Manager. Second Edition. 8vo,cloih, (Jmi ft.Wiik<d. 12/0 
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AERIAL OR WIRE-ROPE TRAMWAY5. 

Their Construction and Management. By A. J.Wallis-Tavlbr, A.M.Inst. C.E 
With 6i lUuittrations. Crown 8\-o, cloth. [Just PuhlisiUd. 7/1 

"Thu \\ in \t% way «n excrilcnt r(4ume. Without going into the minutiar of the subject. 
y«t Urs Iwfore its readtfrs a very Rt>o<l exposition of the v.mutis sy^enw of rope transmission m us« 
and fiven as wfll n»t a Httle valual>(e information about their working, reikiir, and managemcn 
We can wifely recuminrad it as a u«rful general treatise on the <tibject."— Tht EngiMter. 

" Mr. 'faylvr has tre.ite<l the swhlect as concisely as thoroughness would pcmiit. The boo 
will rank with the Ixvu on this useful topic, and we recominenu it to those whose busineu is tfa 
tran^Ktrting of minerals aiul g«XMis."— .I/inina* y^fHmmt. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMOf 

ROADS. 

By A. J. Wai.lis-Tavi.er, Assoc. Memb. InsL C.E., Author of "Moder 
Cycles, ' &c. 212 pp., with 76 Illtistrations. Crown 8vo, cloth . 4>/l 

" Mr. Wallis-T.iylrr's book is 1 welcome addition to the literature of the subject, as it is th 
pro<luction of an Knginot-r. and has ni>t l>een written with a view to assi^ in the prom(>ti(>n < 
c<>m|Mnies. . . . The lx>ok is clearly exjiressed throughout, and is Just the sort of work thj 
an engineer, thinking of tuniiiig his attention to motor-carriage work, would do weO to read as 
prclinun.iry to starting operations."— ^'i^'inrrrfn^'. 

PLATING AND BOILER MAKING. 

A Practical Handltook for Workshop Operations. By Josbi'H G. Hornkii 

A.M.l.M.E. 380 pp. with 338 Illtistrations. Crown 8vo, cloth . 7/( 

" The latest production from the pen of this writer is characterised by that eridence of doa 
acquaintance with worksliop methods which will render the book exceedin^y acceptaUe to th 

ErKtical hand. We ha%-e no hesitation in commending the work as a serviceable and practice 
andbook on a subject which has not hitherto m.eivcil much attention from those qualified to dei 
with it in a satisfactory iiiaiinrr." — Mtchanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Tyj>es of Engineering Construction 
and including Gearing, l>oth H.-uid and Maclune-made, Engine Work, Sheave 
and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks 
the Moulding of l*aiterns in Ix^am and Greensand, &c., together with th< 
methods of estimating the weight of Castings ; with an Appendix of Tables fo 
Workshop Reference. ByJosKi-HG. Horner, A.M.l.M.E. Second Edition 
Enlarged. With 450 Illustrations. Crown 8vo, cloth .... y/f 

" A wcUwritlcn technical guide, e\-idently written by a man who under^ands and has prac 
tlsed what he has written abiout. . . . Wc cordL-iUy rvcomniend it to engineering students, youoi 
Joumeyrncn, and other; dc«»irous of licini,^ initiated into the mysteries of p.ittem-making." — BttiUU* 

'•An exi.ell«»nt x>iti< mecutn for the apprentice who desires to lwcon.e master of his trade. 
— English Mtihanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwtxxl's Diciion.iry oO- Embracing those current in the Drawing Office 
Pattern Shop, Fountlry, Fitting, Turning, Smiths', and Hoiler Shops, &c., &c 
Comprising upwards of 6,oix) Definitions, Edited by Joseph G. Hornkr 
A.M.l.M.E. .Second Edition, Revised, with Additions. Crown 8vo, cloth 7/{ 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en 
glneering. The practical engineering pupil will find the book of great value m his studies, and ever] 
foroman enifinecr and mechanic should have a copy." — Building l^ewi. 

TOOTHED GEARING. 

A Practical Handl>ook for Offices and Workshops. By Joseph Hornkr 

A.M.l.M.E. With 184 Illustrations. Crown 8vo, cloth . . . ©/(j 

" We must give the Ivook our unqualified praise for Its thoroughness of treatment, and we cai 
heartily nxromincnd it to all interested as the most practical book on the subject yet written."— 
Mtckanical H or Id. 

FIRE PROTECTION. 

A Complete Manual of the Organisiiiion, M.'ichinery, Discipline and Genera 
Working of tlie Fire llrig.'xde of London, liy Caitain Evkk M. Shaw, C.B. 
Cliitrf ODicer, Metropolitan Fire Brigade. New and Revised Edition, Dem> 
Bvo, cloth AV/ 6/C 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage' 
ment; Foreign Fire Systems; Hini.s on Fire- Brigades, &c. By Chari.r: 
F. T. Young, C.E. 8vo, cloth £1 4,. 

" To such of our readers as are interested in the subject of fires and fire apparatus we cat 
moft heartily conunend this \3ioo)L.^'—Engin«triHg. 



MECHANICAL ENGINEERING. M. j 

STONE-WORKINQ MACHINERY. 

AMtiniuldiialing wilh thcRuHduidBairoinicalQiovtnianorSiDne. Wiib 
Hinuon the AmLngtmcM ud MuiigenKnt »( Siwie Worlci. By M. Powii 
Bali.M.I.M.E. Second EdliiDD.inlugtd. Wiih llluuruioni. CrawnS™, 
cloib. IJialPuUUhtJ. 9/0 

""^k' iril t.™ltw.k f« .n ««'Li.i^n> BOM for liudlni « «m^^ mnHH.-- 

[> PUMPINQ. 

(o[ Pump U^rrt. Being N«u on Scl«:tio<i, ConiUDciion, ud 
" •^' " " - ■■■MB. Thiid Edilion, RiviwL 

U'it Pubiiiiud. zie 



PUMP5 AND PUMPINQ. 

A Hiuvdbooil (m Pump Uwrs. 
Mwiigcmcnt. By M. Powis 
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MILLINQ MACHINES AND PROCESSES. 

hspiDC Mtuli by Roury Cuilen. 



Mllkine mnd GHndinl tbe Cutlin. Uy 
hr-WoTk.^' 353 pp. With upwudi of 30 



to(" Lnlhr-WoTk.^' 353 pp. With upwudl of 30Q EngrmvingL Luw 
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LATHE-WORK. 

A Praciical Truiix on <)ie Tools, AppliwiHi, ind Pioccua employnl ia 
tbe An of Turning. By Paul N. Hasluck. Sliib H^djtion. Crown gre, 
cloih BIO 



SCRBW-TH READS, 

DireclL^. for u^g Stlirw^CmiLng'Uil^ "Sy P^'l n' HlsT^icTAiuboi 
of " Lube- Work," ftc With Scmiy-f^ur IlluuiuiDni. F[fih Edition. 
WiisKou-poclKIiiH ; '"* 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS. ARCHITECTS, BUILDERS, Ac. 

SelKlfd and An»ng«l by Fkamcis Smith. Siilh Eitition, RrviKd, irKLudInf 
Elkctsical Tables, Fobuul*, and Mbhomkda. W»iitco»I-pockri tin, 
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POCKET GLOSSARY OP TECHNICAL TERMS. 

English- French, French- Ene I i«h ; wirh TAblcA Aujtable for the ArchilKluraJ, 
Engineering, M^uiufilclurinB, und Nuiiut Profeuiofii. By JoHH IaHU 
Flitchei, Engineer and Surveyor. Second Edition, Reviied uid En[iur(e.1. 
BO pp. Wuticou-pockel siie, limp leMber l/fl 

■> Iifie • rnimbrr DFui^ nrrdi ^lincID eii(lnRrin( ud muuruiunn caDeciHIbTuDlii 



CROSBY LOCK WOOD 6- SON*S CATALOGUE, 



THE ENGINEER'S YEAR BOOK FOR 1900. 

Comprijung FormuUe, Rules, Tables, Diua and Memoranda in Civil, Mechjmical, 
RIcctrical, Marine and Mine Engineering. By H. R. Kemkk. A.M. Inst. C.E., 
M.I.E.K., Technical Officer of the Engineer-in-Chief's Office, General Pott 
Office, London, Author of "A Handbook of Electrical Testing." "The 
Electrical Engineer's Pocket- Book, "&c. Withabout 1,000 Illustrations, specially 
Engravefl fur the work. Crown 8vo, 800 pp., leather. [Jiut PubUskiul. 8/6 
" Represents an enormous quantity of work, and fonns a desirable book of reference.**— 7i%« 

"The volume U distinctly in advance of most similar pubiicationa In this couatiy.*— 

" This valuaUe and well-designed book of reference meets tbe demands of aU desctipCkMis of 
wigtaaeis."— Stf/Mrvtojf Rcvirw. 

" Teems with up-to-date information in every branch of engineering and coDstmctioCL'*— 
BuOding News. 

** The nee<is of the engineering profession could hardly be suppUed in a more admirable, 
coroplece and convenient form. To say that it more than sustains all comparisons is praise of tha 
highest sort, and that inAv Justly be said of it. "— Vf ntftr 7»urnml. 

** There is certainly room for the newcomer, which supplies esplanatiaQS and di r e cti o n s, aa 
wen as formuke and tables. It deserves to become one of the most successful A the technical 
annuals.'*— ^ri hittct. 

" Brintff toKcthrr with great skill all the technical informatiat wlikh an engineer has to nsa 
day by day. It i<t in every way admirably equi|)ped. and is sure to prove succeMluL''-^Se«Cn*M«. 

"The up-tn-d^tcness of Mr. Kempe's compilation is a quality that wiU not be lost on the busy 
people for whom the work is intended." — Gtaxgtmt UtrmUL 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and U-vcrs of Steam Engines generally. By William Dyson 

Wanshk()Ui;h. Crown 8vo, cloth 3/6 

" This i^ a work f)f v;il»e to those who usk: steam lu.ichinery. . . . Should be read by every 
one who has a steam fn>;me, on a fann or elsewhere." — Mark l.ant Ex^rtss. 

" We torihally ci>mmRtiil this work to buyers and owners of steam-engines, and to those who 
have to do with their cnnstniction or use." — Ttmtvr TradfS yoHmal. 

" Suf h a tieiMT.il kn<<wle<|);e of the steain-ent(ine as hit. Wansbrough furnishes to the reader 
should he M quireil by all intclli(;ent owners and others whousethesteam-en^nne." — Building Nems. 
" An excellent tc\t-NH>k of this useful form of engine. The ' Hints to Purchasers' coatala ■ 
good deal of cuuuiiun-srn.su and practical wisdom." — tingltsh Mechanic. 

IRON AND STEEL. 

A Work for the Forne, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Man.if:ers of Itar. Kail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Huihlers ; Mechanical, Mining, and Con* 
suiting Knginecrs ; Archiitxi-s Contractors, Builders, &c. By Charlks Hoarb, 
Author of "The Slide Rule," &c. Ninth Edition. 32mo, leather . 6/0 

" For c<impr«l>ensivencss the XfnAs. has nut its equaL" — Ivxn. 

"One of the l>est of the |>o«:ket books,"— Aw^'/iiA Mcchamc. 

CONDENSED MECHANICS. 

A Selection of Fornuilae, Rules, Tables, and Data or the Use of Engineering 
Students, Science Classes, &c. In accordance with the Requirements of the 
Science and Art Department. By W. G. Ckawfokd Hughes, A.M.I.C.E. 
Crown 8vo, cloth 2/8 

"The lH>ik is well fitted or those who artr either confronted with uractical problems in 
their work, or are preparing for examination and wish to refresh their knowleuge by gomg through 
their fonnuUT ai^am." — .Xtattne Fnt^tnfer. 

" It is well arrant^ed. and meets the wants of those for whom it is intended." — RaUway Nrmt. 

THE SAFE USE OF STEAM. 

Coiitaining Rules for Unprofessional Steam U»ers. By an Engineer. Seventh 
Edition. Sewed Qo. 

" If steam-users would but learn this little book by heart, boiler explosions would become 
sensations by their rarity.*— Aw^/jjA Mtchanic. 

HEATING BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Public, 

Private and Horticultural iTuilding.s. By Walter Jones. Second Edition. 

With q6 Illustrations, crown 8vo, cloth H^ 2/6 

" We confidently recommend all interested in heating by hot water to secure a copy of this 
valuable little treatise.^— 7>c Plumktv mnd D«c»rt*r. 
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THE LOCOMOTIVE ENGINE. 

The Aurn^}ioiErapby at nd Old LocomOLivc Ensinc. By RoBQK 

■UHH. M.I.M.E! Whh llluuraiioiu and I'oiuiiiis of GkohciiikI Kobki 
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THE LOCOMOTIVE ENOINEAND ITS DEVELOPMENT. 

A Popiilu TrcatiK on ihe Gridua] InipmvemeisIS made in Ralluny Eniino 
belown iBdi uhI 1B96. By Clihixt E. Strbttuh, C.E. Fifih Edliiw. 
Enlarged. With ■» iJluuralionj. Crown Svo, clolh. [/ml Publvkul. 3/e 



LOCOMOTIVE ENGINE DRIVING. 

A Prsctlol MuiuiJ rot Enginecn in Ctaugt oT Locomolin Engina. By 
MiCHABL Rkvnolds, MtDibtr of ibe Sociay of Enginwri, rornitrly Loco- 
in«in Inspector, L. B. & S. C. R. Ninih EdiHon. Includmi ■ K(v TO 
tHE LocoMOTivi Ehgihi. Ciown Bvo, cl«h AM 



d Appendix, Crown g^ cloih. [Jlal PiMulud. 4/6 
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STATIONARY ENGINE DRIVING. 

A Pnclical Mmiuiil [or Encineen in ChHg« of Suiionary Enginu. By 
Michael RcvNOLDs. Sixih^ition. Crown Bvo, cloih . . 4/a 



ENGINE-DRIVING LIFE. 

Stirrlnl Ad.™.n« and Incideno in (he Li. 
Driven. By Michael Reynolds. Third Ed! ii< 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educitor (or EnEirienien. Boiler AllendinK, 
By Michael Revholih. _Wit& 4s lllu«rui«i! and, nume 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA. AND THB COLONIB5. 

A Practical Handbook setting forth the Principles on which Light Railways 
shouhl be Constructetl, Worked, and Financea ; and detailing the Cost of 
Construction, Kquipment, Revenue and Working Expenses of Local Railways 
already established in the above-mentioned countries, and in Belgium, France, 
Switzerland, &c. Ky J. C. Mackav, F.G.S., A.M. Inst.C.E. Illustrated 
with Plates and Diagrauns. Medium 8vo, cloth. [J^it Published. "% 0/O 

" Mr. Mackay's volume is clearly and concisely written, admirably uranKed. and freely 
iUustratecL The UmIc is exactly what has been lonif wanted. We recoDUuaad it to all Interested 
In the subject. It is sure to have a wide sale." — Raiiruav Nnvs. 

" Those who desire to hare within reach tFcneraTinfumiation concemin{; almost all the light 
railway systems in the wi>rld will do well to t>uy Mr. Mackay's liook." — Enj^iHtcr 

" Thb work a|>|M;4re very opitortunely, when the extension of the system on a large scale to 
Rf)|^an<i is at l.xst UMng iiio«>tetl. In its pages we find all the information that the heart of man can 
dcMre on the subj«i:t. . . . every detail m its story, founded on the experience of other countries 
and applied to the |>ossiljUities of kngland, is put before us." — S^ttrntor. 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft -sinking, and Heading -driving, 
Ranging the Lines and Levelling underground, Sub- Excavating, Timbering 
and the Construction of the Brickwork of Tunnels, with the amount of Labotir 
required for, and the Cost of, the various portions of the work. By Fredrrick 
W. SiMMS. M.Inst. C.K. Fourth Edition, Revised and Further Extended, 
including tne most recent (1805) Examples of Sub-aqueous and other Tunnels, 
by D. KiNNKAR Clakk, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates 
and other Illustrations. Cloth. [Just Published. £2 2s. 

"Tht" prt's^-jit (iS'j6) edition has l^cn brought ri(jht up to date, and is thus rendered a work to 
which civil ei»>;inecrs >.'riuTally sIxniKl have rfndy accest, and to which t'ntfine«;rs who have con- 
struction work can h.irilly alioni to l>e without, but which tu the youn>;cr nttrmbers of the profession 
is invaluable, as from its p:i){i-'*< they can learn the state to which the science of tunnelling has 
attained.'— A*ii»irtj»>' Atns. 

"The estimation in which Mr. Simms's lKX)k has been held for nLiny years cannot be more 
truly exprt-s-^cil tli.iii in the words of t lie late Prof. Kankine : ' The l»t:st wjurce of information on 
the subject of luiwieLs is Mr. ]•'. \V. Sunms's work on Practical Tunnelliuij.' " — ArckiUct. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS. 

A Pracliual Treatise for the Use of Engineers and Students of Engineering. 
By W. K. BuKTON, A.M. Inst. C.E., Profes.sor of Sanitary Engineering in the 
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 26/0 

1. INTRODI ( I.<KY. — II. DiKFKRHNr QUALITIES OF WATER. — III. QlTANTITY OF 
WATHR to W. l'Rit\ llMiO. — IV. ON ASCKRIAINING WHETHER A PROPOSEO SOl'RCK OF 
SUPPLY IS .SVI'J U II'.Nl. — V. OS HSIIMATING THE STORAGE CAPACITY RP.OUIRBD 
TO BR l'RO\TI>Hl>. — VI. Cl.ASSIKICA rU)N OF WATERWORKS.— VII. iMPOU.Nni.NG RESKR- 
VOIRS.— VIII. l.AKrHWOKK I)AMS.— IX. MA.StKNRY DAMS.— X. THE PURIFICATION OF 
WATER.— XI. Surn.lN'. Rl-SF.RVOIRS.- XII. SAND FILTRATION.— XIII. PirRIFICATION 

OF Water hv Ac i ion of ikon, softening of Wathr by Acrn.»N of Lime. Natural 

FiLTRAThlN.— XIV. SF.KVH H OK CLEAN WATER RESERVOIRS— WATER TOWERS— S FAND 

Pipes,— XV. the conneciton of si-Tri.iNt; Kesekvoirs, Mltek Beus and service 

RESERVOIRS.— XVI. Hl.MIING M ACHINERV.— XVII. I-LOW OF WATER IN CONDUITS— 

Pipes and open channels.— XVlll. Distriijution .systems.— XIX. Special Pro- 
visions FOR THK K.XTINCTION OF FiRE.— .\X. PIPES FOR WAT ER-WORKS.— XXI. PRE- 
VENTION OF WASTE OF Water.— XXII. Various applications used in Connection 

WITH W A*l F K'W* )K KS 

API'KNIM.X I. By Prof. JOHN MII.NH. F.R..S.— CONSIDERATIONS CONCERNING THE 
PROBABLE H.FFFCTS OF IlAR I HOUAKES ON WA lER-WORKS, AND THE SPECIAL PRE- 
CAUTIONS ro BE TAKEN IN EARTIKjI'AKE C0INTRIE.S. 

APPI-.NI.l.X II. My JOHN Dli KIJKH, C.K. —ON SAND DUNF.S AND DUNE SAND AS 
A SOURCE OF WaII:K S't'pPLV. 

" The chaj)ter ujkmi filtration of water is very complete, and the details of construction well 
illustrated. . . . The work should be s|)ecJally vahi.ible to civil cnnincers engai^ed in work in 
Japan, but the interest is by no means Confined lo that locality." — UngiHter. 

"We congratulate tht* author uijon the practicil coinmonscnse shown in the preparation o( 
this work. . . . 1 he pUites and aia(;ranis have evidently been prepared with ^eat care, and 
cannot fail to l>e of yreat assistance to the student." — Jiuiidtt. 

" The whole art of water-worksconstruction is dealt with in a clear and comprehensive fashion 
In this hands«)ine volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of inde^tcndent study and individual ex|)ericnce. It is larj^ely hase<l upon hi<i own practice in the 
branch of eni^neerint; of which it treats." — Saturday Rrvirw. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A. M. Inst. C.E., and M. Inst M E., Author of "Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with co Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

balf-bound in morocco Net £6 6s. 

List of Contents. 

I. Historical Skrtch of some of thr means that have been adopted for 
THE Supply of water to cities and Towns.— II. water and the Foreign matter 

USUALLY associated WITH IT.— III. RAINFALL AND EVAPORATION,— IV. SPRINGS AND 

THE Water-bearing Formations of various Districts.— v. measurement and 
Estimation of the flow of water.— vi. On the sf.lection of the Source op 
SUPPLY,— VII. Wells.— VIII. Reservoirs.— IX. The Purification of Water.— 
X. Pumps.— XI. Pumping Machinery.— XI I. Conduits.— XIII. Distribution of Water. 
—XIV. Meters. Service pipes, and House Fittings.— XV. the Law of Economy op 
Water-works.- XVI. constant and intermittent Supply.— XVII. Description of 
Plates.— Appendices, giving Tables of Rates of Supply, velocities. &c., Stc, 
together with Specifications of several works illustrated, among which 

will be found : ABERDEEN. BiDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH, 

Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other language. It is characterised almost throughout by an ezbaustiveness much more 
distinctive of French and German than of English technicsu treatises."— Bnginttr. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for small Country Districts. By Allan Greenwell, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. L/w^' Published. 6/0 

" We conscientiously recommend it as a very useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information in a small Qomp»ss."—BMiUUr. 

" The volume contains valuable information upon all matters connected with water supply. 
. . . Full of details on points which are continually before water>works engineers."— yVo/Mrr. 

HYDRAULIC POWER ENOINEERINO. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. In.st. C.E. With 
nearly 200 Illustrations. 8vo, cjoth. \Just Published. Net 9IO 

Summary OF Contents:— Principles of HvpRArLics.- The Observed Flow 
of Water.— Hydraulic Fkessures. Material.— test Load Packings for sliding 
Surfaces.— Pipe Joints.— Controlling Valves.— platform Lifts.— Workshop, 
Factory, and Dock Cranes.— Hydraulic accumulators.— Presses.— sheet .metal 
Working and forging Machinkry.— hydraulic Rivrtikrs.— Hand, power, and 
STEAM Pumps.— turbines.— IMPULSE and Re-action Turbines.— Design of Tur- 
bines.— Water Wheels.- Hydraulic Engine.s.— Recent Achievements.— Tables, 

"We have nolhingf but pmise for thi^ thoroughly valuable work. The author has succeeded 
la rendering his subjrct interesting as well as in5Xr\ict\ve."—Pracfica/ /■ni.'ineer. 

"Can be unhesiiaiiiigly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of power." — Mechanical lyorld, 

HYDRAULIC TABLES, CO- EFFICIENTS, & FORMUL>e. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulz, Tables, and General Information on Rain-fall. 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Nevillb, Civil Engineer, M.K.I.A. Third Edition, 
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 14/0 
" It is, of all English books on the subject, the one nearest to completeness." — Architect. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
to this t>ranch of the engineer's profession." — Enf^neerin^. 

WATER ENOINEERINO. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slacg, a. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 
" As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent. "—i^M^iiM^nfv. 
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THE RECLAMATION OF LAND FROM TIDAL mATERS. 

A Hmd\0»jk f-tf Lrii^DccrK. Landed I'r.jprie&arh. xac ntlier^ intrrc^tr: n 

W.«r««^ '/ Kir.hm-.iOitxi. By Ai-cxamicj; htMtKuex. M.lns.. CE. Wm 

l'lu-4'a;i «i*. fcvo, ckjth. L '*^ •''"■^^^'^ -AVr 109 

' 1 '.•»■ \ri>.t •»'.'• I* a ;«ir*cisr «.'if wliift )i;» t- :« uotk il rr-latmiiic bmr frtm. tin <w^ one 

«lir ><**« w>> y -Vr:^' r 7 it*- »<-rL c<«i*4iik ftjp^M 'K-al uf pr<*rti^;i. ant. i*w«u mitum anni. ^tu;.! 

uavtfic f.ii •. '•!••?»•'. I r !> rr^viTcr^ »-KTuv.»'a w-itL tii* •iiLj-«un ii: lal: luarktaBb. aiii. ii unc 

lf9-ncn nf.'-. :tj: " r«-'.L.ii: Uai : (t-.«f_ tL* j**}. — 7*tf / tjnnrrr 

1 •>• ■i.^U'm ti.tk (...rrn- : ■.•*jt li» t^^i Hb:Mnr.',t an.. »t:Il. uiii: lir tMoik c'm .-)m> i ;at;p* 

aavuuiif "^ xufvi ••iat«-.-i- '^f ^rt-da wrti.« tv eit^'i'icrrh ait^ utlt^rv tnttmMiro uwunt: uf n:a(aBuai:it>. ' 

—A «/•<''■ 

MASONRY DAMS FROM INCEPTION TO COMPUETION. 

lududinf Dumcruus Formulje. Formft of Specificaxian and Tender. Puokia 



Diap-un o( ¥'jt<jr%, &C. For ti>e um of Gxri] and Minim :_ F . >niiM ■ ■> . ^ 



C F. CoLKTKtcv. Ii. Inst. CE. Bvo, cioch. U»*' /'Hfe'uiia^ 

" 7 cif » '.': ."* . -• ♦ 111.- :. t'K'i -Jro.' '«f » it)u«i4«- .la:*, ani fi.-nitAliet- tJir cru(*UM>cr witJ xrr.i.-rt;.al 
*4iv.<- 7 l>r ..*:. >t >t.at «;:!. i.j% m<^,ic.t fri-ni tlic m^r^rKit. :: tlie BnMt. Moni tHtrtu. auo;^ 
tvjt» «.! '« (■•. 'i-i 17. !'.« rrai«jrkh uii ate itnd {•ositicm. Licanai: cu Oan^ lumichrtiiiat aott 

RIVER BARS. 

Tbc Cauve» of tbcir Formation, and tbdr TreaiXDott hy ** LadaoBd Tidal 
Scour ; " with a DcKxiution of the Sucooslal Redoctico by this li«.t>od off 
the bar at iMxhVut. Bj 1. j. Mann, Aaust. Eoc- to t^ Dnblin Fan and Docks 

Board. Royal Evo, cloth "TfS 

"We recuiijbrad aO Dtemxed in bartifjur vorks — aad. indeed, tboae cauoBKamd m xfttt 
taptO'Toneiiu ut nrcn ^cnerkUy — to read Mr. Maa£ \ tsamstm^ watk." — i'm^vmerr. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Kn:hrai.iin: a CoiLprthmsive HiM<^/r>' of the S>-slcm : wiih an 
AriaiyviN uf ihc Various M<xi«rs. of Traction, inciadin^ Hotr^e Pcym 
Cai<Ie 1 racii'>r», Kicctric Traction, &c ; a Description of the V 
Koilir ;; St'^.k ; aiid ample Details of Cost and Working Expenses. N 
hiini'Ai, 1 h/ri.fu^hly Ko-iMni, and IncJuding the Progress recently made in 
Tramway C<^ri<^truvtion, &c.. &.C. By D. Rinneak Clark, M. Inst-CR. 
With 4'X> Illu^traiioriv. cvo, juo (>p., buckram. [Just Fub i tik td , 230 

'■ 7>* rrfrw vr4utiM> ■• onr whj L wi.'l r.t'.k. ijnr«n^ triniva> eTHfinerrs a'-.i th:»se ctertsJ^d sc 
trani««)r wyrkiP|;, wtlb xt,: Ai.i.> r ■ «<jrii-faiiie<l laxjc on railway ma^-Lanery-.' — 7M£ Ln^rnfrr. 

PRACTICAL SURVEYING. 

A 

tbc 

ward<> <jf 3^o Illustrations. >ixth Kditi^/n. Indudinf Tables of NaturaJ Sines, 
Tax.iier.ts. .Sri.aiits, &c. Crown £vo, cloth 7/8* ^' on Thin Paiek. leather, 
gilt ciges, for p-^.kct use. {J*'st Puf'JuirJ, 120 

*'Ttiv i'*->>: f< rriis of i:iMr>jiiit-r.:f are 'ievcniv;] a<( to their construction, osei a&d mndei 
of cfu{4<jy;'>*r;.:. 4r i tnere iirr ir:i:-j::^r.it-;e hints ctn work and rquipcnent such as tbc author, te 
hb csf«rM^.ce **> vorvtryor. <lra-j^'.'.:s"..in an J teaLh«.r. Las found necesury-, and which the stodeot 
ia hi* irMr»;^r.«?ii «• wiJi frii'l jii.-xt srr\ :.»«Me. —In^'tnefr. 

"Til*: lA'*->t •rc.jti'^ HI trir Liiiflisri Utv^a^r f n sur»-eyine, and we hare no hesitatian tn smyr- 
Inff that t}i«: v.. l»-rit will fnKl it a lic'.trr Kfuj'ie th^in any of iti pn^lecessors. Deserrcs to b« 
recoi^ivT'l HI, t\.v hrst book which >houi>l l« put in the Lands of a pufid of Civil Engineering.' — 
Architect. 

SURVEYING WITH THE TACHEOMETER. 

A praf'ii' .i! .Manual for thcu'-r of CiNil and Militarj' Engineers and Sur%-c>orv, 
Iri' lu<linu tW'> vrie>. of 'I ahl*:- s{>ecially omputed lor the Reduction of 
I<ea<lirjk;> in Scx.i;:»-simal arni itj C<:n(e^i^lal r)egree«i. By Neil Kennedy, 
M. Iri-t. CK. With Diagrams and Plates. Dt-niy 8vo, cloth. 

\Juit Puhlishcd. AV/ 10 6 
" I !)•• «..rk I \«-ry <.I<Mriy wr;rtfn. iii 1 -li'-'iM r«iii'»v«" all <lirficnltics in the wiy of any surveyor 
desirous "f inaMi ^ U'-k of tins us'.ful jinl r.i|<.'l instruiricnt.' — A'<»/Mrf. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, lyevelling, and Setting-out; and in Route Sur« 

veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 

r.y Ix<»wis D'A. Jackson, A.M.I.C.E. 8vo, cloth .... 12/8 

" A vHhinhle r-a^ffnf(um fnr the surv«ry«;r. We recommend thb lKX>k as cootainin£ an 

admiralile sui>i>leiii*;ni to the tea* huiir of the ;«(.coiii|ili<hed «irvrynr ' - /^ ttunutufn. 

" The autlior Imnir* to his work a fortunate union of theory and nr^tcocaJ experience whirb, 
aided by a clear and lucid Mylc of writing, renders the book a very useful \3ne,"—Btnid«r. 



1*:x\-Vt'MJk f r Students preparing fur Examinations or for Surrey-work to 
c Coi</nies. I'.y (it<'Kt,E \\ . UsiLi-, A.M.I.C.E. With 4 Plates and up- 
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ENOINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
ose of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; 
Setting-out Curves without Theodolite on the System of Tangential Angles by 
Sets of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, calcu* 
lated for every 6 inches in depth. By W. Davis Haskoll, C.L. With 
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 1 2/0 

" The book is very handy ; the separate tables of sines and tan|;ents to every minute will inako 
it useful for many other purposes, the genuine traverse tables existing all the same." — Atkerututn, 

" Every person engaged in en^neering field operations will estimate the importance of such 
a work and the amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume." — Railway News. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canab, 
Rivers,- Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Ad<iitions. Large crown 8vo, cloth . . . Q/Q 

" This book must prove of great value to the student. We have no hesitation in recom- 
mending it. feeling assured that it will more than repay a careful study." — Mechanical tVorld. 

" A most useful book for the student. We strongly recommend it as a carefully-written 
and valuable text-book. It enjoys a well-deserved repute among surveyors."— ^Mi/(^!rr. 

"This volume cannot fail to prove of the utmost practical utility. It may be safely recom- 
mended to all students who aspire to become clean and expert surveyors."— J/imim^ youmal. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering In 
the Constiuction of Roads; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Plates 

and numerous Woodcuts, 8vo, cloth 8/6 

^** Trautwine on Curves may be had separate 6/0 

" The text-book on levelling in most of our engineering schools and colleges."— ^Kr^H/rr. 
"The publishers have rendere<l a sul><>taiitiAl service to the profession, especiaUy to the 
younger memoers, by bringing out the present edition of Mr. Simms's useful work." — Eng^tuering. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIQONOMETRICAL 5URVEY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mill* 
tarr Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised and 
partly Re-written by Major*General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal 8vo, cloth .... 16/0 

'* No words of praise from us can strengthen the position so well and so steadily maintained 
by this work. Sir Charles Warren has revised the entire work, and made such additions as were 
to bring every portion of the contents up to the present dAle." —Broad j4rr»w. 



TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5ETTINa-OUT CURVES. 

From 5 to aoo Radius. By A. Beazelev, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

[Just Puhlishtd, 3/6 

" Each table is printed on a card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of work."— £M^M««r. 

" ywy handy : a man may know that all his dav's work must fall on two of these cards, which 
he puts bito his own card-case, ^d leaves the rest behind." — AthtHautH. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 iaches to 80 feet in Depth or Height, for use with either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst. C.£. 
On a Sheet mounted in cloth case. \Just Published. 3/6 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c, d 

Heights or Depths up to an average of 80 feet. By Joseph Broadbbnt, C.E., 

and Francis Cam pin, CE. Crown 8vo, cloth S/Q 

" The way in which accuracy is attained, by a simple division of each cross sectkm into ttivM 
elements, two in which are constant and one variable, is ingenious."— .^iA/M^niM. 

A MANUAL ON EARTHWORK. 

By Alrx. J. S. Graham, C.E. With niunerous Diagrams. Second Edition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. CE., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of the nu^hods pven are of extreme practical value to the ma<Km. and tiMi obeerra- 
tlons on the torm of arch, the rules for ordering the stone, and the construction of the templates* 
wiU be found of considerable use. We commend the book to the enpneerini; pn>fas5iaa.''<— 
SuiidUnf Newt. 

" will be rcfpanied by civil engineers as of the utrooft ralue, and calculated to save much 
tfane and obviate many mistakes."— Cff/Zirry Gumrdian, 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise <xi\ including Iron Fotmdatioos. lo 
Three Parts. —Theoretical, Practical, and Descriptive. By William Humbbr, 
A. M. lust. C.K., and M. Inst. M.E. Third Kdition, revised and much im- 
proved, with 1 15 Double Plates (20 of which now first appeiu* in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 410, half-bound in 

morocco £6 IBs. 60. 

•• A vt'r>' v.iliiaMc contrilmtion to the standard literature of civil engineering. In addition to 
elevations, pl.ins, .ind s<'cti'>ns, lar^e scale detnils are given, which very much enhance the 
instructive worth of tht>st' ilhistr.itions." — Civii IingtH€er and ArchiUcfs youmal. 

"Mr. Hiinil><TS st.itely volumes, l.itely issued— in which the most important bridges 
erecteil ilurin< Hie last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawksh.iw, Mr. P.i>;e, .Mr. Fowler. Mr. Hem<ins, and others among our most eminent 
engineers, are drawn and si>eci(ied in great de.taiL" — Enj/inter, 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Grorgk 
Watson I'.uck. M. l.C.K. Fourth Edition, revised by his Son, J. H. Watson 
Puck, M.I.C.K. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.1.C.E, 
Royal 8vo, cloih 1 2/0 

" The ctand.ird text-)xv>k for .ill engineers regarding skew arches is Mr. Buck's treatise, 
and it would l-e iinp<.>ssil)lcto consult a l>etter."' — Ens^Httr. 

"Mr. Hack's trt*.-itiM; is recognised as a standard text -book, and his treatment htf divested 
the subject of many of the intricacies sup|M>sed to belong to it. As a guide to the engineer and 
architect, on a confessedly diHicult subject, Mr. Uuck's work b unsurfMSsed." — Building- Nrms. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Pmcticd Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stre.sses in Roofs, Solid 
Girilers. Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By K. Hudson C^raham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Si)ecially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 16/0 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used ot 
studied." — EH^rt neer. 

" The work is excrllent from a practical |>oint of view, and has evidently been prepared 
with much care. The direction.s for working are MUiple. and are illustrated by an abundance of 
wetl-selectcd examples. It is an excellent text-book for the practical draughtsman." — AtJunmM9m. 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M.Inst. CE. On a Sheet ■ . . . | 2/6 
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THE QEOMETRY OF C0MPA55E5. 

Or, Problemi Resolved hy Ihe men Dcicriplion of nrcles ind (be Uh of 
Coloured Diafianu uid Symbol. Uy Olivih Bvune. Colound Plus. 
Crown a«^ cloib SrS 

HANDY BOOK FOR THE CALCULATION OP 5TRAIN5 

In Girders and Similu Sirucluro Uld tbeir Strenglb. Consiilinc of Formula 
ud Corresponding Diagram!., wilb numerous deliils for Prncticll Applka- 
tion, &c. By William Huubb>, A. M. InsI.C.E., &c. Kifib Edilioo. 
Crowns™. wi^hne«lyiooWooJcuuand3Pl.le,,clolb . . 7/« 

TRUSSES OP WOOD AND IRON. 

Praclical Applicalioni of Science in Deleruiininu the Sireues, Bruliint 
Weiabis, Safe Loads, Scanitings, and Deiaits of Consiruuion. Witb Cooipleu 
Working Drawings. By Williah GmpriTHs, Siir%'eyoc. Svo, cloth. 4/6 



THE STRAINS ON STRUCTURES OF IRONWORK. 

WiibPraciicalRemaiksonlranCoiulrucIion. By F. W. Sheilds, M.I.C.K. 
tiro, doih S/O 

A TREATISE ON THE STRENOTH OF MATERIALS. 

Biidgik Railways, &c By Petkii Bahlow,' F.R.S. A new Edition, revised 
byhuSons P. W. Bahuiw, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, tiperiments bv Hodokihsuh, FAtHBAtBH, and lClltKALI>Tl and 
FormulB for calculating Girders, &0. Arranged and Edited by Wu. KuHin. 
A.M.li»i.C.E. 8vo, clolh 18/0 

STRENGTH OF CAST IRON AND OTHER METALS. 

Br Thomas Tridcold.C.E. Fiflh Edition, including HaixiiciHsaH'sEicKri- 
mental Researches. 8.0. doih l£b 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, ibcir Cause and Prevention : mlh ■ Df 
■ciipiion of Modern Appliances and Systems. By Clement E, Stkettov, 
C.E., Vice-President an.l Consulting Engineer, Amalgunaled SodetT «1 
Railway Servanlt. With illu»rai!ons and Coloured Plates. Third BditioB, 
Enlarged. Crown 8.0, clolb 3/9 

EXPANSION OF STRUCTURES BY HEAT. 

BTjoHHKEiLV,C.E.,lale of the Indian Public Works 
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THE PROORE55 OP MODERN ENOINEERINO. 

Complete in Four Volomes, imperuJ 410, half-morocoo, price £12 12s. 

Kach volume sold separately, as follows : — 
FiKST Series, Comprising Civil, Mechjuiical, Marine, Hydraulic, Rjulwmy, 
Rridee, and other Engineering Works, &c By Wiluam Humbsx, 
A. M. Inst. C.E.,&c. Imp. 410, with 36 EKjuble Plates, drawn to a large sole. 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., ftc, and copious 
descriptive Letterpress, Specifications, &c Half-morocco £3 8a. 

List op the Plates and Diagrams. 

Victoria Station and Roof. L. B. & S. C. R- « plates*; Southport Pibk 
(•PLATRSi: Victoria Station and Rck)f. L. C & D. and G. w. R. k plates* : Roof 
OP Crrmornr mi'sic Hall: Briix;r over G. N. Railway; Roof of Statiom, 
DirrcH RiiF.MSH Raii- (a PLATF^h Rridcr over the Thames, west Loeax>i« 
Extension Railway (5 platesj; armoi'r Plates: Suspension Bridge. Thames 
(4 pi«ATP.s): The Allen Engine; Si'sprksion BRitx;E, Avon (3 plates); Undkk- 
GRouND Railway (3 plates». 

HUMBER'S MODERN ENOINEERINO. 

Second Series. Imp. 410, with 3 Double Plates, Photographic Portrait of 
Robert Stephcnv>n, C.E., M.P., F.R.S., &c., and copious descriptive Letta>> 
presK, Specifications, &c. Half-morocco £3 8s. 

List op the Plates and Diagrams. 

blrkhnhkao docks. i.ow water basin (15 pl«atf^) ; charing cross station 
Roof. c. C. Railway ,3 platks): Digswf.ll Viaduct. Great Northern Railway; 
Robbery w<k)h viAnr(-r. Great Northern Railway; Iron Permanent Wav: 

CLYDACH VlAPtTT, MKKTIIYR, TRKDF.GAR, AND ABERGAVENNY RAILWAY; EBBW 

Viaduct. .Mfkihvk. Thkdkc.ar. and Abf.rgavhnny Railway: College Wood 

VlAinCT, CoKNWAl I. Ram. WAV; DlBLIN WiNTFR PaLACR ROOF (3 PLAT ES) ; BRIDGE 
OVHR 7HK TMANirs. I.. C. Si 1). RAILWAY (6 PLATKS): ALKHKT HARBOUR. GREENOCK 
(4 PLATHS). 

HUMBER'S MODERN ENGINEERINO. 

Thiki) Sfkiks. Imp. 4I0, with 40 Dou}>le Plates, Photo^aphic Portrait of 

R. M 'Clean, laie Pres. Inst. C.E., and copious descriptive Letterpress, 

pecifications, &c. Half-morocco £3 3s. 

List ok the Pi-ates and Diagrams. 
Main nkAiNA(.H. Mf.tropolis.— AVrM Suff.— Map showing Interception of 

SEWHKS; MM)1»1 F. Ll-.VFI. SFWER (3 PLATF.s) : OUTFALL SF.WHR. BRIDGE OVER Rl\'BR 
Lea (3 PLAl KSI : ()l 1 FAI I. SHWHR, BRIDGE OVFR MARSH I.ANE, NORTH WOOLWICH 

Railway, anh B<nv and Bakkini; Railway Jinction; outfall Sewer. Briimsb over 
Bow AND Rakkin*. Railway (3 plates) ; Oitfall Sewer. Bridge over East London 
Water-works' Ffkdkk o plates) ; outfall Sewer Reservoir (a plates) ; Outfall 
Sewer. TiMBLiN*. Bay and outlet: Outfall Sewer. Penstocks. SoutA SuU.^ 

OUTFALL SKWKk. BFKMONUSFY BRANCH <a PLATF.S); OUTFALL SEWER. RF^BR VOIR AND 

Outlet (4 pi.atfs) ; outfall skwkr. Filth Hoist ; Sections of sewers North and 
South Sidfs). 

Thamks f.mhankmfnt.— section of Rivhr Wall; Steamboat Pier. West- 
minster (2 piAiFS); Landing Stairs bhtvaehn Charing Cross and Waterloo 
Bridges : York Gaih (s pi.aifs) : overflow and outlet at Savoy Street Sbwbr 
(3 PLATES): Stfamhoai Pifk. \Vatkri.(m) rkid<;e (3 PLATES) : Junction of Sewers, 
plans ani> sf.cihins; (ji lmks I'lans anu Sections; Roli.inc; stock ; Granite 
AND Iron I-Ok is. 

HUMBER'S MODERN ENOINEERINO. 

Fourth Sf;kies. Imp. 410, with 36 Double Plates, Photographic Portrait of 
John Fowler, laic Pres. Insi. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3a. 

List of the Plates and Diagrams. 

abbey Mills pumping station. Main Drainage. Metropolis (4 plates) ; 
Barrow Docks (5 platks); Man^uis Viaduct. Saniia(;o and Valparaiso Railway, 

(-: PLA1ES); ADAMS I.DCOMt »T1VE. ST, HKLFNS CANAL RAILWAY (2 PLATES); CANNON 

Street station Roof, chaking Cross Railway (3 plates): Road Brugge over 
THE River Moka (2 im.atf.s); Telegraphic Apparatus for Me-sopotamia ; Viaduct 
over the Rivek wyf. Midland Railway (3 plates): St. Germans Viaduct, 
Cornwall Railway (2 plates); Wrought-Iron cylinder for Diving Bbll; 
MiLLWALL Docks (6 plates); Milroys Patent Excavator; Metropolitan Dis- 
trict Railway (6 plates); Harbours, Ports, and brrakw^atbrs (3 plates). 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of FormuUe, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. B^ Clrmrkt Mackrow, M.I.N. A. 
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . . 1 2/6 

SUMMARY OF CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIGONO- 

metrv.— practical geometry.— mensuration.— centres and mombntsof flgukes. 
—Moments of Inertia and Radii op Gyration.— algebraical Expressions for 
simpson's rules.— mechanical principle*;.— centre op gravity.— laws of moflon. 
—Displacement. Centre of Buoyancy.— Centre of Gravity of Ships Hull- 
Stability CURVES AND mbtacentres.— Sea and shallow- water Waves.- Rolling 
op Ships.— Propulsion and Resistance op Vessels.— speed Trials.— Sailing, 
CENTRE OF Effort. — Distances down Rivers, Coast Lines.— steering and 
rudders of Vessels.— Launching Calcuu^tions and velocities.- weight of 
Material and Gear.— Gun Particulars and weight.— standard Gauges.— 
riveted jolnts and riveting.— strength and tests of materials.— binding 
and shearing stresses. ac- strength of shafting. pillar.s, wheels, &c. 
—HYDRAULIC Data, arc. — Conic Sections, Catenarian Curves. — Mechanical 

POWERS, WORK.-^BOARD OF TRADE REGULATIONS FOR BoiLRRS AND L'NGINES.- BOARD 

OF Trade Regulations for Ships.— Lloyds Rules for Boilers.- Lloyds weight 
op Chains.— Lloyd's Scantlings for Ships— Data of Engines and vessels.- 
Ships' fittings and tests.— Seaso.ning Preserving Timber.— measurement of 
Timber.— ALLOYS. Paints, Varnishes.— Data for Stowage.- admiralty trans- 
port Regulations. — Rules for Horse-power. Screw Propellers, are.— per- 
centages for Butt straps, arc— Particulars of Yachts.— Masting and Rigging 
Vessels.— Distances op Foreign Ports. — Tonnage Tables.— vocabulary of 
French and English Terms. — English weights and measures. — Foreign 
Weights and measures.- Decimal Equivalents.- foreign money.- Discount 
and Wages Tables.— Useful numbers and ready Reckoners.— Tahlhs op 
Circular measures.— Tables of areas of and Circumferrncp^ of Circles.— 
Tables of areas of Segments of Circles.— tables of squares and cubpj; and 
Roots of Numbers.— Tables of Logarithms of Numbers.- Tables op hyppr- 
BOLic Logarithms.— Tables of Natural Sines, Tangents, arc— Tables op 
Logarithmic Sines, Tangents, arc 

" In these davs of advanced knowledge a work like this is of the greatest Talue. It contains 
a Tast amount of information. We unhesitatingty say that it is the most valuable compilation for its 
specific purixxe that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or Iron shipbuilder, can afford to be without this woric" — Nauticai Mag^amifu. 

" Should be used by all who are encfaged in the construction or desisfn of vessels. . . . Win 
be found to contain the most useful tables and fonnube required by shipbuilders, careftiUy collected 
from the best authorities, and put together in a popular and simple form. 'The book is one of 
exceptional merit." — Engineer. 

" The professitMial shipbuQder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /rvM. 

" There is no d.nibt that a pocket-book of this description must be a necessity is the ship- 
building trade. . . The volume contains a mass of useful information cleariy expressed and 
presented in a handy fcrm."— AfierifM Ettgituer. 

WANNAN'5 MARINE ENQINEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Cootaining 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
Elementary and Verbal Questions and Answers; complete Set of Drawings 
with Statements completed. By A. C Wannan, C.E., and E. W. I. Wannan, 
M.I.M.E. Illustrated with numerous Engravings. Crown 8vo, 370 p^es, 
cloth. 8/6 

" The book is clearly and plainly written and avoids unnecessary explanations and formulas 
and we conudcr it a valual>le book for students of marine engineering. '—Aauticai Ataj^arint. 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing the Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C. Wannan. Second Edition, carefully Revised. Square i8mo, with 
thumb Index, leather. ff/0 

"There is a great deal of useful information in this little pocket-book. It is of the rule-of. 
thumb order, and u, on that account, well adapted to the uses of the sea-going engineer."- 
EngiH*er. 

MARINE ENGINES AND 5TEAM VE55EL5. 

A Treatise on. By Robkrt Murray, CE. Eighth Edition, thorooghly 
Rerised, with considerable Additions by the Author and by Gborgc 
Caklisi^, C£.. Senior Surveyor to the Board of Trade. \«ceAx<\ci^ ^\^ 
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SEA TERM5, PHRASES, AND WORD5 

(Technicml Dictiooary of) nsed in the KmtiA «Dd 

(English- French, French-Rnglish). For the Uw oTSeftmen, 

Shipbuilden. Shipowners, aad Ship- b ro k er i . Compiled by W. l^ntxiB, la&e of 

the African Stemmship Company. Fcap. Svo, doth limp • 6<0 

** ThH Yolumc win b« hifflUjr appreciatad bf mmbmi. cncinecn, pdocs. : 
It will lie found wonoefTulljr accurate and compiete. — Scttttmmn. 
A very uvdul dictKmary. which has kmr beea warned by French and 
oAccn and oiiha%.~—SMi^fiMg H'^rid. 



ELECTRIC 5HIP-LIOHTINQ. 

A Handbook on the Practical Fittine and Running of Ships' Electrical Pl^nt, 
for the Use of Shipowners and Buiulers, Marine Electricians and Sea-^otng 
Engineers in Charge. Bv I. W. Ukquhakt, Author of "Electric Light.** 
•• Hynaroo Con'^^irtioo.' «c Second Edition, Roised and Extended. 
336 pp., with 88 Illu:»tration&. Crown 8vo, doth. {Just Publish^. 7/S 

MARINE ENGINEER'S POCKET-BOOK. 

ConsiMin^ of useful Tables and FormuUe. By Frank Pkoctok, A.I.N.A. 
Third Edition. Royal 33mo, leather, gilt edges, with strap . . ^/Q 

" We recommend it to our readers as trotng far to supply a long-frit wafK." — N m t mJ Sci€mc€. 
" A most useful cocopanion to aD manne cni^ineets." — LnUed ^ertmct GMMtttt. 

ELEMENTARY ENGINEERING. 

A Manual for Young Marine Enginc^^ni and Apprentices. In the Form of 
(Questions and Answ»-r<. on Metals, Alloys, Strength of Materials Construction 
and Mana>:enient of Marine Eneincs and Boilers, Geometry', &c., &c- With 
an Appemlix of Us<?ful Tables. By 5- S. Bkewer. Crown 8vo, cloth . 1/6 
"Contains much valt'at>le infomiatinn for the class for whom it is tntendec^ especially in tl»e 
chapier\ on the ni^inai^cnient of boilers and engines." — Sautical Ma^asifu, 

PRACTICAL NAVIGATION. 

Consisiing of The Sam.oks Ska-Kook. by Jamfs Gkeenwood and W. H. 
RossKK ; together with the exquisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henky Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound T/O 

MARINE ENGINEER'S DRAWING-BOOK. 

Ad.-Hpted to the Requirements of the Board of Trade Examinations. By John 
Lock IE, C.E. VViih 22 Plates, Drawn to Scale. Royal 8vo, cloth . 3/6 

THE ART AND SCIENCE OF SAILMAKING. 

By Samlel B. Sadi.ek, Practical Sailmaker, late in the employment of 

Messrs. kaisey and Lapthorne, of Cowes and Gosport. With Plates and 

other Illustrations. Small 410, cloth 12/6 

" This estreniely practiral work jfives a complete education in all the branches of the ntanu. 
fracture, cuttutt; cut. r<>)>iiii;. seaming, and j^uhni;. It is copiou:>ly illustrated, and will form a nnst- 
rate text-book and guule. — i'ortsfnouck J tnus. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength ol 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges fur lesting, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Tkaill, F.fc.R.N., M.lnst.C.E., Engineer-Surveyor-in-Chiel, 
Board of 1 rade, I nspectur of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd's Committee on Proving Establishments. 
With numerous 1 ables, Illustraiions, and Lithographic Drawings. Folio, 
cloth, bevelled boards £2 2s. 

" It contains a vast amount of valuable Infotmatioii. Nothing seems to be wanting to make it 
complete and standard work oi reference on the subject."— A'^onroV Mag^Mme. 
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THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of (iold. By M. Kissi.ek, 
Mining Engineer, A. I.M.E., Member of the Institute of Mining and Metal- 
lurgy. Author of "Modem High Explosives," "The Metallurgy' of Silver, 
&c., &c. Fifth Edition, Enlarged and Re-arranged. With over 300 illustra- 
tions and numerous Folding Plates, Medium Svo, cloth. 

[Just Published. AV/ 21/0 
" This book thoroughlv deserves its title of a ' Practical Treatise. ' The whole process of gold 
iniUing, from the breakiii;|g: ot the quartz to the assay of the bullion, is described in dear and onwtly 
narrative and with much, but not too much, fulness of detail." — Saturday Review. 

" The woric is a storehouse of information and valuable data, and we strongly recommend it 
to aD professional men engaged in the gold-mining industry."— Af^nt'N^ y^umaL, 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 

Africa. By M. Eisslbr, M.E., Author of "The Metallurgy of Gold," &c 

With Diagrams and Working Drawings. Second Edition, Revised and En> 

larged. Svo, cloth. 7/6 

" This book is just what was needed to acquaint mining men with the acttial working of a 

process which is not onl^ the most popular, but u, as a general rule, the most successful for the 

extraction of gold from xasSasm."— Mining' 7cumai. 

" The worlt will prove Invaluable to all interested in gold mining, whether metallurgists or as 
iavestocs."— CA««M^a/ JVewt. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny. M.N.E. Inst. M.E., 
M I.M. and M. Author of "The Klerksdorp Goldfields." Medium Svo, 
166 pp., with Illustrative Diagrams. {Just Puhlisfud. 12/6 

" There is certainly scope f'^r a work on di unond drillin((, and Mr. Denny deserves j^ateful 
recognition for supplving a decided want. We «tront(ly recommend every board of directors to 
carefully peruse the pa>;es treating of the applicability of diamond drilling to aurifero'*s deposits and, 
under certain conditions, its advantages over shaft sinking for systematic prospecting, both from the 
surface and underground. The author has given us a valuable volume of eminently practical data 
that should be in the possession of thos« interested in mining."— il/tMrMj^r yowttat. 

" Mr. Denny's hand^nrnk Is the first English work to tfive a detailed account of the use of 
moilem diamond core-drills in searching for romeral deposits. The work contains much information 
of a practical character, including particulars of the cose of apparatus and of working." — Nature, 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Mantial for Prospectors and Miners. By W. H. Merritt, 
M.N.E. Inst. M.E., A.R.S.M., &c With Photographic Plates and other 
Illustrations. Fcap. 8vo, leather. \Just Published. Net 5/0 

"As an instructor of prospectors' clashes Mr. Merritt has the advantage of knowing 
exactly the information likely to be most valuable to the miner in the ficltl. The contents cover 
all the details of sampling and testing gold and silver ores. The work will be a uf.eful addition to a 
prospector's W\.."—MintH^ yournal. 

" It gives the gist of the author's experience as a teacher of prospectors, and is a book which 
no prospector could use habitually without finding it pan out ytviW.— Scotsman. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By I. W. Anderson, M.A. (Camb.), F.R.G.S., Author 



of " Fui and New Caledonia." Eighth Ekiition, thoroughly Revised and 
much Enlarged. Small crown Svo, cloth, 3/6 ; or, leather, pocket-book form, 
with tuck. [Just Published. 4/6 

** WiU supply a mach-feh want, especially among Colonists, in whose way are so often tLrown 
many minetalogical specimens the value of which it is difficult to determine."— fM^'ncrr. 

" How to find commercial ndnetala, and bow to identify them when they are found, are the 
leafBng points to whkh attention Is directed. The antlior has managed to naclc as nuich ^j««»iie»L 
dsCaU uto hb pages as would supply material for a book three tinMSttat&s^ — MiMlMc l ewrwaX. 
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THE METALLURGY OP 51LVER. 

A Practical Treatise on the Amalgainaticm, Roastinf^, and Uxiviation of Silver 
Ores. Including the Assayine, Melting, and Refining of Silver Bullion. By 
M. EissLBR. Author of ''The MetalTorgy of Gokf," ftc. Third Edition. 
Crown Bvo, cloth 1 0/6 

" A practical treatise, and a technical work which we are conrinced will supply a loiv-frk 
want amongst practical men. and at the same time be of ralue to students and ouicn Indirectly 
connected with the industries."— A/tm'iv' y»tirnaJ. 

" From first to last the book is thoroughly sound and reliable."— C«^/ifrry GttmrtUan. 

" For chemists, practical miners, anayers. and Invest o rs alike we do not know of any work 
on the subject so bandy and yet so comprehensive.''— ^/Avmr Htrmld. 

THE METALLURGY OP ARGENT1PER0U5 LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead bullion. Includin|^ Reports on variotis Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLKR, M.E., Author of " The Metallurgy of Gold," &c. Crown Svo, 
400 pp., with 183 Illustrations, cloth 1 2/6 

" The numerous metallurKical processes, which are fully and esctenilTdy treated ai, embrace 
an the stages experienced in the passam of the lead from the various natural states to its Issue firom 
the refinery as an article of commerce. — Practical £Mf truer. 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 
a thorough insight into the present sute of this Industry cannot do better than read this vohime, and 
an mining engineers cannot foil to find many usefiil hints and suggestions In it."— AuiMxinter. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Daviks, F.G.S., Mining Engineer, &c., Author of •* A Treatise 00 
Slate and Slate Quarrying." Fifth Edition, thoroughly Revised and much 
Enlarged by his Son, £. Hbnkv Davibs, M.E., F.G.S. With about 150 
Illustrations. Crown 8vo, cloth 1 2/6 

" Neither the practical miner nor the general reader, interested in mines, can have a better 
book for his companion and his guide." — Mining^ youmai. 

" We are doing our readers a service in calling their attention to this valuable work." — 
MiMine IVorid. 

'~ As a history of the present state of mining throughout the world this book has a real value 
and it supplies an actua want." — AtMetuturn. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatu^e for Mining Engineers, Metallurgists, and Managers of 
Mines. By E. Hknry Davies, M.E., F.G.S. Crown 8vo, 580 pp., with 
upwards of 300 Illustrations, cloth. 1 2/6 

" Mr. Davies, in this handsome volume, has done the advanced student and the manager of 
mines good service. Almost every kind of machinery in actual use is carefully described, and the 
woodcuts and plates are good." — AtAt*urum. 

" From cover to cover the work exhibits all the same characteristics which excite the confi- 
dence and attract the attention of the student as he peruses the first page. The work may safely 
be recommended. By its publication the literature connected with the industry will be enriched 
and the reputation of its author ctihanced."— ^ViMtM^ y^umaL 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged by his Son, E. Henry Davies, M.E., F.G.S 
With about xoo Illustrations. Crown Svo, cloth f 2/6 

" We do not remember to have met with any English woric on mining matters that contains 
the same amount of information packed in equally convenient form." — Acadcftty. 

" We should be inclined to rank it as among the veiv best of the handy technical and trades 
manuab which have recently appeared." — British Quarterly Keview. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 
330 Illustrations. Second Edition, Revised. Super-royal Svo, cloth £2 2s. 

" The book is a treasure-house of statistical information on mining subjects, and we know of 
no other work embodying so great a mass of matter of this kind. Were this the only merit of 
Mr. Hunt's volume it would be sufficient to render it indispensable in the librarv of every one 
interested in the development of the mining and metallurgical Industries of this country. "— . 
Aekcfi4n*9H. 
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POCKET-BOOK FOR M1NER5 AND METALLURGISTS. 

Comprising Rules, Fonnulje, Tables, and Notes for Use in Field and Office 

Work. By F. Danverk Power, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather. [Just Published. 9/0 

" This excellent book is an admirable example of Its Icind, and ouf^ht to find a laige sale 
amongst Engiish-speaking prospect* in and mining engineers." — EngineeriH^. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 

Operations, Ore Dressing, &c For the Use of Students and others interested 

in Minine Matters. By John Milnk, F.R.S., Professor of Mining in the 

Imperial University of Japan. Revised Edition. Fcap. 8vo, leather . 7/6 

" Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among students."— yf/A^furMM. 

THE IRON ORES of QREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kkndall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

" The author has a thorough practical knowledge of his subject, and has supplemented a 
careful study of the available literature by unpublished informatioa derived from his own obserra- . 
tkms. The result is a very useful volume, which cannot faSi to be of value to all Inteteited in the 
iron industry of the coMnXry."— Industries. 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pummng Machinery. By Stbphbn Michbll. Second Edition, Re^written 
and Enlarged, 390 pp. With about 350 Illustrations. Royal 8vo, cloth. 

\Just Publisfud, Net 26/0 

Summary of CohnrENTS :— Horizontal Pumping Engines.— Rotary and Non. 
Rotary Horizontal En^wnes.— Simple and Compound Steam pumps.— Vertical 
Pumping engines.— rotary and No.n-Rotary vertical Engines.— Simple and 
Compound stp.am pumps.— Triple-Expansion Steam Pumps.— Pulsating Steam 
Pumps.— Pump Valves.— sinking PUMins, &c., &c. 

" This volume contains an immense amount of important and Interesting new matter. 
The book should undoulxedly prove of great use to all who wish for information on the sub- 
ject, inasmuch as the different patterns uf steam pumps are not alone lucidly described and 
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity, 
price, itc, are set forth, hence facilitating immensely the rational selection of a pump to suit 
\y purpose that the reader may desire, or, on the other hand, supplying him with useful 
formation about any of the pumps that come within the scope of the volume."— TA^ F.ngittter. 
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THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working (^ Collieries. 
Designed as a Book of Reference for Colliery Managers, and for toe Use of Coal 
Mining Students preparing for First-class Certificates. By Caleb Pamblt, 
Mining Engineer xmd Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 



Fourth Edition, Revised and Enlarged, meditun 8vo, over 
Strongly boimd 



ms:. 



Summary of Contents :— Geology.— Search por Coal.— Mineral Leases 
and other holdings.— shaft sinking.— fitting up the shaft and surface 
arrangements.— steam boilers and their fittings.— timbering and walling.— 
Narrow work and methods op working. — Underground Conveyance. — 
Drainage.— THE Gases met with in mines; ventilation.— on the Friction of 
Air in Mines.- The prirstman Oil Engine; Petroleum and Natural Gas.— 
Surveying and planning.— Safety Lamps and Firedamp Detectors.— Sundry 

AND incidental OPERATIO.NS AND APPLIANCES.— COLLIERY EXPLOSIONS.— MiSCEL* 

lanbous questions and answers.— ^//cN^AJr." Summary of Report of H.M. 

COMMISSIONERS ON ACCIDENTS IN MINES. 

** Mr. Pamdy has not only given us a comprehensive reference book of a verr h^ order, 
suitable to the re()uirements of mming engineers and colliery managers, but has also provided 
mtamg students with a ciass-book that is as mteresting as it is instructive."— C#//<rry Manmger. 

" Mr. Pamely s work is eminently suited to the purpose for which it is intended, being deer, 
interesting, exhaustive, rich in detail, and up to date, giving descriixions of the latest machines fai 
every department. A mining engineer could scarcely go wrong who followed this worit." C t lU t r y 
Guardian. 

"This b the most complete *all<round' work on coal-mining pubHibed In the Engflsh 
language. ... No Hbrary of coal-mlnlng books b complete without it." — CMttry Rngtnttr 
(.Scrantoo, Pfti. U.S.AJ. 
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COLLIERY WORKING AND MANAQBMBNT. 

Comprising the Duties of a ColUeiy Mmnapier, the OvenSght and Arrang*- 
ment of Labour and Wages, and the difierent Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rjcdmavnb. w pp., with 
98 Plates and other Illustrati<ms, including Underground JPhotographa. 
Medium 8vo, cloth. [Just Publisksd, 1 6/0 

"This Is. indeed, an adndnMe Handbook for CoUenr Manasen, In fact It ban faKfinMosable 
a4)unct to a Colliery Manager s etiucation, as well as being a most useftil and intercttinif wotk 
on the subject for all who in any way have to do with coal nmiog. The ondefsround phocogfrapte 
aie an attractive feature of the work, being very lifaUke and necessarily true rf pte— itatiuaj of the 
scenes they depict."— C«//i«rx Gymrttimn. 

" Mr. Bulman and hit. Redmayne, who are bodi experienced CoUery Manacess of greet 
Hterary aliility. are to be congratulated on having suppBed an authoittative work deahur wicli a skle 
of the subject of coal mining which has hitherto received but scant treatment, ibe authors 
elucidate their text by 119 woodcuts and aB plates, most of the latter being admirable reprodactioas 
of photographs taken underground with the aid of the magnesium flash-l^c These ulustratioas 
aie excraent."— A«/Mrir. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth^ F.R.S., Chief Inspector of the 
Nlines of the Crown. Eighth Edition, Revised and Extended hy T. Fokster 
Brown, Mining Engineer, Chief Inqy^ctor of the Mines of the Crovn and 
of the Duchy of Corn «rall. Crown Svo, cloth. [Just Puhlisked. S/6 



" As an outline ts given m v%viy known coal-hekl m this and other countries, as well as of the 
principal methotls of working, the Book will doubtless interest a very laige number of rasden."— 
MintHg yourttaL 

N0TE5 AND FORMUL>E FOR MINING 5TUDENT3. 

Hy ToHN Herman Mkrivalb, M.A., Late Professor <A Mining in the Durham 

College of Science, Newcastle>upon-Tyne. Fourth Edition, Revised and 

Enlarj^ed. Hy H. F. Hulman, A.M.In.st.C.E. Small crown Svo, cloth. 2/6 

" The author has done his work in a creditable manner, and has produced a book that wtD 

be of scr\icc to students and those who are practically engaged in mining operations." — Engineer, 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowbs, D.Sc., Lond., 
F.I.C., Prof, of Chemistry in the University College, Nottingham. With a 
Chapter on The Detection and Measurement op Pbtrolkum Vapour 
bv Hoverton Redwood, F.R.S.E., Consulting Adviser to the Corporation 
of London under the Petroleum Acts. Crown 8vo^ cloth. N9t fi/O 

" Professor Clowes has given us a volume on a subject of much mdustrial importance . . 
Those interested m these matters may be recommended to study this book, which is easy of compre- 
hension and contains many t:oud thin^fs." — The Enf inter. 

" A lK>ok that no mmint; engineer — cenainly no coal miner— can afford to ignore or to leave 
unread."— .1/1 « I Hi^ ypumai. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in >[* eins or 
Seams ; .Analyjtes of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. Hy Richard Meade. Svo, cloth . £*! 8s. 

" Of this l)ook we may unrcservetUy »ay that it is the tiest of Its class which we hare ev«r 

met. ... A IxKik of referunce which no one engaged in the iron or coal trades should omit from 

his library."— yr^n and Coai Trades Review. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy Svo, cloth. 

[Just Published. 1 6/0 

" An interesting and invaluable vroTk.."—Cc/iiery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S., Membre de la Soci^td Beige de Gdologie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c With I litis* 

trations. Crown Svo, cloth 2/6 

" a clearly and well-written manual for persons engaged or interested In the granite industry." 
Septs mapt. 

TRAVERSE TABLES. 

For use in Mine Surveying. By W. Lintern, Mining Engineer. Crown 
Svo, cloth. [Jmt Puhiished. Net 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, &c. 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on Wunschbn* 
DORPP's " Traiti de T^l^graphie Sous-Marine," and G^mpiled from Authoriu* 
live and Exclusive Sources. By Charlbs Bright, F.R.S.E. Super-royal 
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates 

Uust Puhlisfud. Net £3 3s. 

" There are few, if any. persons more fitted to write a treatise on submarine telepraphy than 

Mr. Charles Bright. The author has done his worlc admirably, and has written in a way which will 

appeal as much to the layman as to the engfineer. This admirable volume must, for many years to 

come, hold the position of the English classic on submarine lt\ctn\)hy."—EHiritteer. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library."— A'a/Nre. 

" Mr. Brigiit's interestin|rly written and admirably illustrated book will meet with a welcome 
re c eption from cable men."— is/Kfruian. 

" The author deals with his subject from all points of view— political and strategical as well as 
sclenti6c. The work will be of interest, not only to men of science, but to the general public. W« 
can stroTUifly recommend it." — AtkenautH. 

" The work contains a great store of technical information concerning the making and work- 
ing of submarine telegraphs. In bringing together the most valuable results relating to the evolu- 
tion of the telegraph, the author has rendered a service that will be very widely appreciated."— 
Miming Pest. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Modem Rules, Formube, Tables, and Data. By H. R. Kbmpb, 
M.Inst. El. £., A.M.Inst.C.E.. Tecbnical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," " The Engineer's Ycar-Book," &c 
Second Edition, thoroughly Revised, with Additions. With numerous Illus- 
trations. Royal 3amo, oblong, leather 6/0 

" It is the best book of itt kind."— i^/rrfrica/ Engituer. 

" The Electrical Engineer's Pocket- Book is a good one."— J?/rc/rtfrtei«. 

" Strongly reconmiended to those engaged in the electrical industries."— fZrc/r^a/ Review. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Ur<^uhart, Electrician, Author of 
" Electric Light, &c. With numerous Illustrations. Third Edition, 
Revised, with Additions. Crown 8vo, cloth. [/m^' Publisfud. SlO 

" This volume deak with what may t>e termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work, or are training for it. The work traverses 
a great deal of grotmd. and may be read as a sequel to the same author's useful work on ' Electric 
light ' "—EUctrician. 

" Eminently practical and usefuL . . . Ought to be in the hands of every one In charge of an 
electric light fAMUL^—EUctricai Sngifuer. 

ELECTRIC LIQHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Revised, with Additions and 145 
Illustrations. Crown 8vo, cloth. [Just Publisfud. 7/6 

" The whole ground of electric lighting Is more or less covered and explained in a very clear 
and concise vaaxiaet.''—£i4ctricai Review. 

"A vmdt-meeum of the salient facts connected with the science of electric Ugfating."— 
Ekeirieian. 

" You cannot for your purpose have a better book than * Electric Light ' by Urquhart"— 
Smtimeer. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians* 
in-Charge. Embracing Framework BuDding, Field Magnet and Anooature 
Winding and Grouping, Compounding, &c. With Examples of leading 
English, American, and Continental Dynamos and Moton. By J. W. 
Urquhart, Author of " Electric Light,' &c Second Edition, Enlarged. 
With XX4 Illustrations. Crown 8vo, cloth 7/6 

' Mr. Urquhart's book is the first one whkh deals with these matters in such a way that the 
scfaV student can nnderstand them. The book is very readable, and the author leads his 
; up to difficult subjects by reasonably simple i9»»s."—httgiM€€rtMg Jitvttw 
" A book for which a demand has long existed. "—Meekmrutal H^trid 
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THE MANAQEMENT OP DYNAMOS. 

A Handy Book of Th«onr and Practice for tbe Um of Mechanics, Ensineen, 

Studentft, and others in Charge of Dynaraoa. By G. W. Lummis^Patsksok. 

Second Edition, thoroughly Revised and Enlarged. With nnmerous Illustra> 

tiooft. Crown 8vo, clocn. \Jus/ Published. 4/6 

" An example which deservei to be taken as a mcMlel by other antiiufs. The subject is treated 

tai a manner whicn any Intelligent man who b ftt to be entrusted with charge of an ci4{:ine should 

be able to underataicd. It Is a useful book to aU who make, lead, or employ alactiic machinrry." 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopedia of Words and Terms Used in the Practice of Electrical 
Engineering. By T. O'Conor Sloank, A.M., Ph.D. Second Editioo. 
with Appendix to date. Crown 8vo, 680 pp., 390 lUustratioos, doth. 

l/ust PubUslud. 7/6 

" The work has many attractire features In It, and Is, berond doubt, a well put tofether and 
useful publication. The amount of ground covered may be gatberad trata the fact that in th« indes 
about Si6oo references wiU be found. —J?««(«rte/ Xtvitw. 

ELECTRIC SHIP-LIQHTINQ. 

A Handbook on the Practical Fittin^^ and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Budders, Marine Electricians, and Seagoing 
Engineers'in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth. 

[Just PubliskeJ. 7 IS 

"The subject of !^p electric lighting is one of rast Importance, and Mr. Urquhart te to be 

highly complimented for placing Mich a vaiu^tble work at the service of marine electricians." — Tk* 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Stnoll Installations, 

with Particulars of the Cost of Plant and Working. By J. H. Knight. 

Second Edition, Revised. Crown 8vo, wrapper. IJ*^^ Publisiud. 1 /O 

" The book contains excellent advice and many practical hints for the help of those who wish 
to light their own houses." — SuiUtHji' AVmr. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.Inst.C.E., M.Inst.E.E. Founh Edition. 
Revised. With 16 Illustrations. Crown 8vo, cloth. {Just Ptthlish^d. 1/6 

" Any one who desires a short and thoroughlv clear exposition of tbe Momentary principles of 
electric lighting cannot do better than read this little wi>tk."^llrad^»rd Otttrver. 



DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A,M., Ph.D.j Author of "Elements of Static 
Electricity," &c Crown 8vo, 417 pp., with x2o Illustrations, cloth . 10/6 



POWER TRANSMITTED BY ELECTRICITY 

And applied hy the Electric Motor, including Electric Railway Construct'on. 
By P. Atkinson, A.M., Ph.D. With 96 Illustrations. Crown 8vo, cloth 7/6 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. ^ Containing numerous Illustrations and 

Detailed Instructions for Constructing a Small Dynamo to Produce the 

Electric Light. By Alfred Ckofts. S'xth Ekiition, Revised and Enlarged. 

Crown 8vo, cloth. [/w^ PuiUished. 2/0 

" The instructions given in this unpretentious little book are sufficientlv clear and explicit to 
enable any amateur mechanic po«ses3>ea of averoffe skill and the usual tociu to be found in an 
amateur's workshop to build a practical dynamo machine." — H.'ectrician, 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp.. with 470 Illustrations. 
Crowe 8vo, cloth 9/0 



ARCHITECTURE. BUILDING, »c. 
ARCHITECTURE, BUILDING, &c. 
PRACTICAL BUILDINQ CONSTRUCTION. 

A Huidbook (or Sludenu PnpiuiiK for Exuninuiont, uid ■ Be 
Sumyoi, LKIunr on BuilSiDg ConsliucUDn al the Durhun Colli 



PRACTICAL MA50NRV. 

A Guide (o <hc Art oT Stone Cuttinf. Campriiing the Carutnic1>Dn, Setting 
Out. ind Worliini o( Sluin, Ciiculur Work, Arcbu, Niches, Dama, Penden- 
■ivs, VuiiB, TracoT Windom. &c,&e. For the Uh of Studenls. Mu«u, 
■nd other Workmen. By Willmu R. Puschasm, Building Injpeiior to lh( 
Borough dT Hon. ThinI Edition, wilh Cloturyof Temu. RotiISvd, iiipp., 

__'.*. . -.L !.■_ ™_... .-.!__ ... .. ^pjjjm Diagranu, 

■li PublUlud. 7/8 




CONCRETE: ITS NATURE AND USES. 

A Book for Arehilectt, Buildcn, Conincion. and Clerki of Woiki, Br 
GlOBiiK L SUTCUPFK, A.R.I. B.A. 3SO pp., with numerous Illiutiujont, 



*-Tlwfl«l>n»iq^E1hi,B0«boak. wlil^wUlpTiitebl)' be tDf hbw 
« tlw Hibject rOr ■ buDderb irurfnm^'—Gimitfw HtraU, 

THE MECHANICS OF ARCHITECTURE. 

A Treuiw on Appliad Mechuijci, especinlly Adipln] to i 
By E. W. Tabn. M.A Auihoi of '- The Science gf B> 






Edition, Enlaiged. llfusltual with iij Diagrmm 



F"'^^ 



THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Cii*h8iiis, F.R.S. With Poniaii, llluBrubiu, Notei. and 
.wiEiAHiHATioM or Gmcian AncHiTiicTiiu. by JoslPK GmLT, F.S.A. 
Revi»d aod Edited by W. H. t^SDS. 66 Plugs, tto, ckxli . 21/0 
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A HANDY BOOK OP VILLA ARCHITBCTURB. 



Reing a Series of Designs for VOU Residences in varioos Stjrles. W^ 
Outline Specifioitions ami Estimates. By C Wickbs, Architect, Aatlior of 
*' The Spires and Towers of England," ftc. 6x Plates, 4to, half -morocco, gilt 
edges £1 11«« 60. 

"The whole of the designs boar crldence of their being the votk of an astistlc aictiitect. and 
they wiU prove very vahiable and suggestive. "^Aw^^^Sdl^iiV' A'(nM. 

THE ARCHITECT'S GUIDE. 

Being a Text«book of Useful Information for Architects, Engineers, So r re y or s , 

Contractors, Clerks of Works. &c, &c. By Frxdbrick Rocbrs, Architect. 

Third Edition. Crown 8vo, doch 3/6 

** As a text -book of useful inforaution for architects, en gi ne ers , su n re y or s . Ac, it wovld be 
hard to find a handier or more complete little volume. "Simndard. 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Lsive 

House in Linear Penpective. Illustrated hy 43 Folding Plates. By F. O. 

Fbrguson. Second E<dition, Enlarged. 8vo, boards .... 3/6 

" It Is the most intelligible of the treatises on this ill-treated subject that I have met with.**— > 
E. INGRBSS BELL, ESQ.. m the X.J.B.A. y^umm:, 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By GBOit<» 
PvNB. T4 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 

(The Student's Guide to the Practice oO. Containing Directions for taking 

Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 

Tables of Constants for Valuation of Labour, and for the Calculation of Areas 

and Solidities. Originally edited by E. Dobson, Architect. With Additions 

by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 

63 Woodcuts. Crown 8vo, cloth. L/im/ Published. Y/6 

" This edition will be found the most complete treatise on the principles of measuring and 
valuinfr artificer's work that has yet been published." — BuUding News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the psuts of a JBuilding 
collectively. By A. C. Bbaton. Ninth Edition. Waistcoat-pocket sijee, 

gilt edges 1/6 

"No builder, architect, surveyor, or valuer should be without his 'Beaton.'"— J^m^A/m;;' 
Nrms. 

CONSTRUCTIONAL IRON AND STEEL WORK. 

As Applied to Public, Private, and Domestic Buildings. A Practical Treatise 
for Architecu, Students, and Builders. By F. Campin. Crown Bvo, cloth. 

[Just Published. 3/6 

" Any one who wants a boolc on ironwork, as employed in bufldings for stanchions, columns, 
and beams, will find the pre>ent volume to be suitable. The author has had long and varied 
experience in desipiing this class of woric The illustrations have the character of working 
drawings. This practical book may be counted a most valuable woric"— ^riAixA ArckiUtt. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 16/0 

"The work is too well known to need any recommendation from us. It is one of the books 
with which every young architect must be equipped." — ArtkiUct. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair ? A Pric^ Book for Un> 
professional People as well as the Architectiu^ Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition, 
Carefully Revised. Crown Bvo, cloth. \Just Published, Net 3/6 

" *n two vears it will re|>ay Its cost a hundred times over."— /•'fa^ 
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SANITATION AND WATER SUPPLY. 



THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 

their Practical Application. By Sidney Barwise, M.D. (Lond.)* M.R.C.S., 

D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 

to the Derbyshire County Council. Crown 8vo, cloth. [Just Puhlislud. 6/0 

" * What process shall we adopt to purify our sewnf^e T ' This question has rarely been treated 

from so many points of view in one oook. This volume teems with practical hints, which show the 

intimate knowledge the author has of his subject." — Tht Engituer. 

" We know of no book of the same size which pves so complete and accurate an account of 
the principles of sewage purification."— 7*^/ BuiltUr. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond., F.I.C. With 
numerous Illustrations and Tables. Crown 8vo, cloth. [Juit Published, 7 IS 

" Dr. Rideal's book is both interesting and accurate, and contains a most useful r/sum/ of 
the latest knowledge upon the subject of which it treats. It ought to be of great service to all who 
are connected with the suppl]r of water for domestic or manufacturing purposes." — TJu Unnpuer. 

" Dealing as clearly as it does with the various ramifications of such an important subject as 
water and its purification it may be wannly recommended. Local authorities and all engaged in 
sanitary affairs, and others interested in water supply, will read its pages with profit."— iL«Hcitf. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 

works for Small Country Districts. By Allan Grbbnwbll, A.M.LC.E., 

andW. T. Currt, A.M.LC.E. Revised Edition. Crown 8vo, cloth 6/0 

" We conscientiously recommend it as a yery useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information in a small compass."— ^M^ik&r. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half* 
bound morocco. (See page ii.) ^fi a^S 68. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATBR-WORICS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 

and Extended. Royal 8vo, cloth. (See page lo ) . . 26/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa> 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, A.M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . 3/0 

SANITARY ARRANGEMENT OF DWELLINQ-HOUSES. 

A Handbook for Householders and Owners of Houses. By A. J. Wallis* 

Tayuer, A.M.Inst.C.E. Crown Svo, cloth 2/6 

" This book will be largely read ; it will be of considerable service to the public. It is well 
arranged, easily read, and for the most part devoid of technical tenai.''-'LaHctL 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buck AN, R.P. Crown Svo, cloth 3/6 

PLUMBING. 

A Text -book to the Practice of the Art or Craft of the Plumber. By W. P. 
Buck AN, R.P. Eighth Edition, Enlarged. Crown 8vo, cloth . . 3/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 

Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 

F. WiLLOUGHBY, M.D. (Lond.X &c. Fcap. 8vo, cloth .... 7/6 

" A mine of condensed tnfbrnuitkm of a pertinent and useful kind on the various subjects of 

which It treats. The matter seems to have been careftilly compiled and arranged for facility of 

Mfeience, and It Is well lUuttnted by diagrams and woodcuts. The dUhumat subjects ai« 

succinctly but fiillv and scientificaDy dealt with."— TA/ Lanctt, 
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CARPENTRY, TIMBER, ftc. 



THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c To which is added an £say on the Nature 
and Properties of Timber, &c., with Descriptions of the kincU of Wood used 
in Building ; also numerous Tables of the Scantlinjn of Timber for different 
purposes, the Specific Gravities of Materials, &c By Thomas Trbdgolo, CE. 
with an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Eklition, thoroughly Revised and considerably Enlarged by 
E. WvNDHAM Tarn, M.A., Author of "The Science of Building," &c 
With 6i Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth 26/0 

" Ought to b« in every architect's and erery buOder's Uhnry.''—But/dtr. 

" A worlc whose monumental excellence must commend it whersTer skilful carpentry k 

concerned. The author's principles are rather confirmed than impaired by time. The additional 

plates are of great intrinsic val\xe."—BM4idiM£ News. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Mana^^ement (tf Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Balb, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidentlv an expert on the subject, aatl he has collected so much information 
that his l>ook is all-sufficient for builders and others engaged in the conversion of timber."— ^ncAiCrdL 

" The most comprehensive compent^lium of wood-working machinery we have seen. The 
author is a thorough master of his subject." — Buiiding News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 

Crown 8vo, cloth. [/««< Published. 1 0/6 

" The a4*niHistratioH of a Urge sawing establishment is discussed, and the subject examined 

firom a financi^il standpoint. Hence the size, shaj»e, order, and disposition of saw mills and the like 

are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 

converted state. We could not desire a more complete or practical tndiXisA."—BuiUUr. 

THE CARPENTER'S QUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Prtbr 
Nicholson's standard work. A New Exiition, Revised by Arthur Ashpitkl, 
F.S.A. Together with Practical Rules on Drawing, by George Pynk. 
With 74 Plates, 4to, cloth £1 1 %, 

A PRACTICAL TREATISE ON HANDRAILINO. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
Colli NGS. Second Edition, Revised and Emareed^ to which is added 
A Treatise ON Stair-building. With Plates and Diagrams . . 2/6 

•• Will be found of practical utility in the execution of this difficult branch of jcrinery."— i?i«Z«&r. 

" AUnost every difficult phase of this somewhat intricate branch of joinery is elucidated by 
the aid of plates and explanatory letteq;ress. " — Furniture Gasettt. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvatiur. By 
George Colli ngs. With Diagrams. Third Edition, x2mo, cloth . 2/6 

" An excellent exampile of what a book of thU kind should be. Cheap in price, dear ia 

definition, and practical in the examples selected." — Bhilder. 

THE CABINET-MAKER'5 QUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

Including the Art of Laying Veneers, &c. By Richard Bitmeap. Crown 8vo, 
with numerous Illustrations [Nearly Ready. 
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HANDRAILINQ COMPLETe IN EIGHT LESSONS. 

On the Square-Cut Srstem. By J. S. Goldthorp, Head of Building 
Department, Halifax Technical School. With Eight Plates and over 150 
Practical Exercises. 410, cloth 3/6 

" Likely to be of conddenble Tshie to Jotnen and otben who take a pride in good work. 
The arrangement of the book is excellent, we heartily commend it to teachers and students "— 
Timber Tnutes ycnmal. 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any given Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timoer 
to any given Price per Lx)ad of 50 Feet, &c., &c. Bv William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . 3/0 

" We are |^d to see a fourth edition of these admirable tables, which for correctness and 
afanpUdty of arrangement leave nothing to be desired."— rtmArr* Trmdet ycumal. 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

"Contains much valuable information for timber merchants, builders, foresters, and all 
others connected with the growth, sale, and manufacture of Mm\>ex.''—y»umal 4^ Forestry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

Edition. Oblong 4to, cloth 3/6 

" Invaluable labour-saving ti&At%."—Ironmcnger. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to aoo inches in length hy x to xo8 inches in breadth. 

For the use of Architects, Surveyors, Engineers, Timber Merchants, 

Builders, &c. By James Hawkings. Fourth Edition. Fcap., cloth . 3/6 

" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of 
any sur&ce of which the Hmits have been ascertained can be instantlv determined. The boolc will 
be found of the greatest utility to all engaged in building operations. "—^ 



PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F.S.I., Professor of Forestry, Field^ Engineering, and General Estate 
Management, at the College of Agricultture, Downton. Second Exiition, 
Revised. Crown 8vo, cloth. [Just Publislud. 3/6 

SUMMARY OF CONTENTS :— PREFATORY REMARKS. — OBJECTS OF PLANTING.— 

CHOICE OF A FORESXER.— Choice of Soil and Site.— Layi.s'g out of Land for 
Plantations.— Preparation of the Ground for Planting.— Drainage.— plant- 
ing.— Distances AND Distribution of Trees in pla.ntations.— Trees and Ground 
Game.— attektion after planting.— Thinning of Plantations — pruning of 
Forest trees.— Realization.— methods of Sale.— Measurement of Timber.— 
Measurement and Valuation of Larch Plantation.— Fire Lines.— Cost of 
Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
IllustraUd CarpttUtr and BMiidtr. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth .1 0/O 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDBR'S STANDARD OUIDB. 

By Richard E. Grandy. Comprising: — An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tahular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate fizpeoses, Freight, Insurance, &c. ; together with copious Informa- 
tioo for the Retailer and Btauder. Third Exlition. xamo, doth . ^(Q 
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DECORATIVE ARTS, &c. 



5CH00L OP PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbk Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, x8^ by 13^ in.. 
Illustrated with 34 full-size Coloured Plates ; also la plain Plates, comprising 
154 Figures. Third Edition, cloth. [Just Pui^iufud. £1 lis. 60. 

List of plates :— 1. Various Tools Rbquirro for wood PAnmNC— «. ». WAunrr ; 

preliminary stages of graining and finished specimen 4. tools used for 

Marble Painting and Method of Manipulation.— 5. 6. St. Remi Marble; 
Earlier Operations and Finished specimen. — 7. methods of Sketching 
Different Grains, knots. &c.— 8, 9- ash: Preliminary stages and Finishbo 
Specimen.— la Methods of Sketching Marble grains.— ix. n. Brbchb Marbus; 
Preliminary stages of working and Finished Specimen.— 13. Maple ; Methods 
of producing the Different Grains.— 14. 1$. Birds-Eye Maple; Prbliminary 
Stages and Finished specimen.— 16. Methods of Sketching the Different 
Species of white Marble.— 17. 18. white Marbus : Preliminary Stages op 
Process and Finished specimen— 19. Mahogany; specimens of Varioijs Grains 
and Methods of Manipulation. -so. >i. Mahogany; Earlier Stages and 
Finished specimen.— 99. 93. 04. Sienna Marble: Varieties of Grain. Preliminary 
stages and Finished Specimen.— •5, a6, 97. Juniper wood; Methods of Pro- 
ducing GRAIN. &c. : Preliminary Stages and Finished Specimen.— 46, so. yx Vert 
db Mbr Marble: Varieties of Grain and Methods of Working. Unfinished 
AND Finished Specimens.- 31. 3a. 33. Oak ; Varieties of Grain. Tools Employed 
AND Methods of Manipulation, prrliminary Stages and Finished Specimen.- 
54. 35. 36- Waulsort Marble; Varieties of Grain, Unfinished and Finished 
specimens. 

" Those who desire to attain skill in the art of painting woods and marbles will find advanta^^ 
In consulting thi<i lxx>k. . . . Some of the Working Men's Clubs should pve their young oten 
the opportunity to study it." — RuilcUr. 

" A comprehensive kfuide to the art. The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a faithful tran.script of nature."— ^MsV^iMt^ Nnos. 

" Students and novices axe fortunate who are able to l>ecome the possessors of so nolde a 
work." —r/u Architect. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By James W. Facky. With numerous Illus- 
trations. In One Vol., strongly half- bound 6/0 

HOUSE PAINTING, QRAININQ, MARBLINQ, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Eklition. With 

Coloured Plates and Wood Engravings. i2mo, cloth boards . . . S/O 

" A moss of information of use to the amateur and of value to the practical man." — English 
Mechanic, 

THE DECORATOR'5 ASSISTANT. 

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Seventh Edition. 15a pp., cr. 8vo. 1 /O 
*• Full of receipts of value to decorators, painters, gilders, Arc. The book contains the gist of 

larger treatises on colour and technical processes. It would be diilicult to meet with a work so full 

of varied information on the ^vtinters an." — BuiLiing News. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gbokge H. Blag rove. Author of "Shoring and its Applica- 
tion," &c. With a8 Illustrations. Crown 8vo, cloth .... 3/6 

" This most useful and much wanted handbook should be in the hands of evefv aicbltect and 
\K3^diBt:'-^B%nUling World. 

" A carefully and useAiUy wiftton ttwulse ; the work Is tmrntlany pracdcaL"— S^MlfmaM. 
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DELAMOTTE'S WORKS ON ALPHABETS AND 

ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL. 

From the Eighth Century, with Nttmerals; indttdin^ Gothic, Church-Text, 
large and small, German, Italian. Arabesque, Imtials for Illumination, 
Monograms, Crosses. &c., &c., for tne use of Architectural and Engineering 
Drau^tsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &c Collected and Engraved by F. Dblamottb, and 
printed in Colours. New and Cheaper E^tion. Royal 8vo, oblong, 
ornamental boards . . . , 2/6 

" For those who insert enamelled sentences round gilded chalices, who blason shop legends 
over shop-doors, who letter church waQs with pithy sentenoes from the Decalogue, this book win be 
oseAiL "—Athetunttm. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^^rossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small^ and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
ftc. Collected and Engraved by F. Dblamottb, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards 2/6 

" There is comprised in it every possible shape faito which the letters of the alphabet and 
nnmefals can be formed, and the talent whkh has been expended in the conception ofthe rarious 
plain and ornamental letters is won&ertaVStatulmrd. 

MEDIAEVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Dblamottb. Containing 21 Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fourth 

and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled."— nSmn. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 

Directions for its Exercise, and Examples taken from Illuminated MSS., 

painted in Gold and Colours. By F. Dblamottb. New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. recommended to the student, which, with much good sense, 
the author chooses firom collections accessible to all, are selected with Judgment and knowledge as 
weO as xasX9,"-^Ath*tueum, 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modem Alphidiets. and National 
Emblems. Collected by F. Dblamottb, and printed in Colours. Oblong 
royal 8vo, ornamental wrapper 1/6 

" The boolc will be of great assistance to ladies and young children who are endowed with 
the art of pljring the needle in this most ornamental and useful pretty worlc "—Ernst Attgiian Times. 

INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. By A Lady. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can Impart it, may be learnt from ' A 
Lady's ' publication. "—^iA^W4rKin. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Inc aiding 
Fresco, Oil, Mosaic, Water*Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Ulass, &c. Fifth 
Edition. Crown 8vo, cloth 5/0 

*«* AdopUd as a PHu Book at South KtHiington, 
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Much mav be le arn ed, even by those who fancy they do ant reoutae to be taucht from the 
raraful peffuaa* of tht» unpretending out compreoaouve treaOM. —^r» — - 



CROSBY LOCKWOOD ^ SOS'S CATALOGUE. 




NATURAL SCIENCE, ftc 
THE VISIBLE UNIVERSE. 

Chapters oo tbe Origin and C oumuoS qa of tfae Heavens. B7 
F.R.A.S.. Author of" Star Groups **&c IBnttiated by 6 Stellar 
and la Plates. Demy Sto, cloth 1 6/0 

" A vakiahle and lacfd MiniBiafy of ivccnt HRoooaical tteoij. remlaed momm wwkiahkr and 
ansactiv* liy a wries of stdUr photocrapki and other OhtsaaukMH.''— Tlk rcaan. 

" In iiMMcnting a clear and concise account of the p r mm t sate of oar inowlwlif Mr. Core 
has made a Talual4e addition to the htcramre of the Kih>ect.' — A'<BAi««. 

" Mr. Gore » ' Visit4e UniverK ' if oae of tbe nea works on a ji 1 1 wwiinir ■! adcnce that have 
faccnthr appeared in our language. In ^nrit and in method it b ■cirmitc froai cover to cofver. but 
the «yic ia m> clear and attnctire that it will be^s acccf«ab«p aad as readable to those who aiakc 
no Kwntific pretcnakau as to those who devote tham titm spvttljr to aumai. awiiaiiwiiii al " — 
Letds Mtmtiy. 

STAR GROUPS. 

A Student's Gtiide to tbe Constellations. By J. Ellakd Gout, F.R.A.S., 

M.R.I.A.. ftc, Author of "Tbe Visible UmTaw," **TTie Scenery of the 

Heavens," ftc With 30 Maps. Small 4to, doch 5/0 

** The vohime coDtafats thirty maps showing ttarsof the rizth angnitwle— tbe naoal naked-cjre 
Imh— and each b accompanied b^ a brief commentary adapted to fadBtatie recogaitiao and bring 
to notice objects of special interest. For the purpose of a pe eBm i n aiy survey of the ' oiidiught 
pomp 'of the heavens nothing could be better than a set of d ci lin f atinni a te tag i ny scarceiy j weii t y 
square inches in area and Including nothing that caaaot at ooce be ideattfad.'—- j firf wr W gy . 



AN ASTRONOMICAL GLOSSARY. 

Or. Dictionan* of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Intere<:ting Celestial Obiects. By J. Ellasd Gore, 
F.R.A.S., Author of " The Visible Universe," i:c. Small crown 8vo, cloth. 

2'6 

"A very useful little work for beginners in astronomy, and not to be despised by more 
advancefistuncnts."— TA* Tiw^J. 

" A very hindy book . . . the utility of which is muck increased by hs valuable tables of 
astronomical data." — AUun^um. 

THE MICROSCOPE. 

Its Construction and Management. Indudli.g Tecb^ilque, Photo-microgTapby, 

and the Past and Future of the Microscope. By Dr. Henri van Hburck. 

Re-Kdited and Augmented from the Fourth French Edition, and Translated 

by Wynne K. Baxter, F.G.S. 400 pp., with upwards of 250 Woodcuts, 

imp. 8vo, cloth 18/0 

" A translation of a well-known work, at once popular and compr^ensive." — Times. 
" Tbe transtlatiun is as felicitous as it ^ accurate. —Nrnturr. 

ASTRONOMY. 

Bv the late Rev. Robert Main, M.A., F.R.S Third Edition, Rerised by 
WILLIAM Thvnnb Lynn, B.A., F.R.A.S., formerly of the Royal Observatory, 
Greenwich. i2mo, cloth 2/0 

" A sound and simple treatise, very carefuDy edited, -i jd .1 capital book for beginners." — 
Ktumlttlgt. 

" Accurately brought down to the requiremeuts of the present time by Mr. Lynn **— 
F.Jmational Times. 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells, By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conciiological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fotirth Edition (1880). Crown Svo, 

cloth 7/Q 

" A most valuable storehouse of concbological and geological information.*— Scimo Ge*sif. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis their Pcrfea Harmony and W«iderful Concord. 
By G. W. V. LE Vaux. 8vo, cloth 5/0 

" A valuable contribution to the evidencM of Revdatlon. and (fisposes very conch)sively of 
tbe arruoients of those who would set God's Works against God's Word. No real difficulty b 
ihirfced, and no sophistry Is left unesposML''«-rA/ R0rk. 
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HANDBOOK OF MECHANICS. 

By Dr. Laidkik. EnLargtd ud n-wrillen by Bihtahin Lomwt, F.K.A.S. 
3,S lllu»tt«[<««. P«ia.o, cloih 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

By Dr. Lakdnei. New Edition, Rcvivd and Enlaiged bT Benjauim Loeut, 
F.R.A.S. With 136 lUusmtioDS. Fml Svo. dolh .... SIO 

HANDBOOK OF HEAT. 

By Dr. Lakdhh. Edited sod re-wTillcDby Bihjahih Loewt, F.R.A.S.. Kc 
■ 17 llluucuiani. Poll Bvo, cigth 8'0 

HANDBOOK OP OPTICS. 

ByDi.LAiDHER. New EdilioD. Eaii«lbyT.OLV» Hakdihc, B-A-I^md. 
Wlih 19S lUuKcuiou. SnuJ] gvQ. 4t« pp.. dolh 5(0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Labdmbh. EdiiKl by Gio, Cabkv Fostki, B.A., F.CS. Wiih 
400 Illiumioni. SihaJJ Svo, cloth S/O 

HANDBOOK OF ASTRONOMY. 

By Dr. LAVDHEa. Fourth Editicw. RiriHd indEdilfd by Edwin Ddhxih, 
F.R.A.S., Roynl ObMivuoiy. GTCcnvich. With jS Pluct uid opwudi of 

IDS woodcuK. a™, doth e;6 

MUSEUM OF SCIENCE AND ART. 

Ediiej by Dr. Laidhek. Witb Dpiwdi oT i.sxi Engnviup on Wood. In 
Six Double Volumo, £1 1 ■. in ■ new iipd elecMiiI clotb binding ; or band. 
maely boanil in half-ucrocco ...... £1 lit. Qo. 



StparoiM boohtformtd fro* 
C«iioa Tbiaca Explained, ji. I Stun anil lu Uac*. u. cloth. 
Tlia Mlcrofcop*. ti. cloth. INipnlar AstmnaBy. 41. td. chub. 

Pnpnlar a«al«n'. u. M.dtKh. Tbe Bcc and WhHcAaU. i). doth. 

Papalar Pbyjlo. u. id. cloth, [ Tbe Electric Tal^pvpb. 11. &J. 

NATURAL PHILOSOPHY FOR SCHOOLS. 

By Di. Laidhii. Fcip. Svo S/B 

ANIMAL PHVSIOLOflY FOR 5CH00L5. 

By Dr. Lauhu. Fcnp. Bvo 3(0 

THE ELECTRIC TELEQRAPH. 

By Dr. Lahdhu. Rerijid by E. B. Bbicht. F.Rj^.S. Fcap. Sm. . 2^ 
Oh dI Ok bob iHbUi buki •niiiu m Uw Electrtc Tiini mnk.'—£ittUth Midut it. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ftc. 

THE 0A5 ENQINEER'S POCKET>BOOK. 

Comprising Tables, Notes and Memoranda relating to the Mana&ctnre, 
Distribution and Use of Coal Gas and the Constmction of Gas Works. By 
H. O'Connor, A.M.Inst.C.E., 450 pp., crown 8vo, fully Illustrated, leather. 

ijmt PmMssktd, 10/6 
" The book contains a vast amount of infonnation. The aatbor ffoes consocuciveljr throtigk 



the engineering details and practical methods involved in each of the dtlEeffeQt proc e ss es or pans 
of a gas-works. He has certainly succeeded in making a aMnpOation of hard mattets ot bet 
absolutely interesting to read."'— o«x H'grid. 



" A useful work of reference for the (^ engineer and all Interested in lighting or heating hf 
gas, while the analjrses of the various descnptions of gas will be of value to the technical chcnrisc. 
An matter in any wav connecte«1 with the manufacture and use of gas is dealt with. The book has 
evidently been carefully compiled, and certainly constitutes a uscmil addition to gas literature.'— 

" The volume contains a great quantity of specialised information, compiled, we betteve, from 
trustworthy sources, which shoukl make it cm considerable valne to those for whom it b spectfca^f 
produced. —EngiMetr. 

LIGHTING BY ACETYLENE 

Generators, Burners, and Electric Fumaoes. By Wiluam E. Gibbs, M.E. 
>Vith 66 Illustrations. Crown 8vo, cloth. {Just Pu^lisJUd, 7/6 

ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analj^cal Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods of Analysis 
and Valuation of the Principal Materials used in Engmeering Work, with 
Analj'ses, Examples and Suggestions. By H. J. PHiu.if>s, F.I.C., F.CS. 
Second Edition, Enlarged. Crown 8vo, 400 pp., with Illustratioos, doth 1 0/6 
" In this work the author has rendered no small service to a immerous body of practical 



men. . . . The analytical methods mav be pronounced most satiafactoiy, being as accurate as the 
}f engineering chemists permits." — Cktrmicai Nrwi 

K of technical analysis, it is verr 1 
" The analytical methods given are. as a whole, such as are likely to give rapid and trust- 



despatch required of engineering chemists permits." — Chtmicat Nrms. 

" FuU of good things. As a handbook of technical analysis, it is very wricomm."—BttiUer. 



worthy results in experience<l hands. . . . There b much excellent descriptive matter in the work, 
the chapter on ' Oils and Lubrication ' being specially noticeable in this respect.'*— f*v^M«rr. 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning the Properties, Manufacttire, and Analysis 
of Nitrated Substances, includmg the Fulminates, Smokeless Powders, and 
Celluloid. By P. G. Sanpord, F. I. C, Consulting Chemist to the Cotton Powder 
Company, &c. With Illustrations. Crown 8vo, cloth. [Just Publishsd. 9/0 
" Any one having the requisite apparatus and materials could make idtro-glycetine or gun- 
cotton, to say nothing of other explosives, by the aid of the instructions in this volume. Tms h 
one of the very few text-books in which can be found Just what is wanted. Mr. Sanfbrd goes 
through the whole list of explosives commonly used, names any given exptosive, and tells us of what 
it ii composed and how it is manufactured. The book is excMMot througtiout."— £«v^j«Mcr. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cottoo, 

Nitro-Glycerine and other Explosive Compounds, includmg Collodion-Cotton. 

' . , ' With Chapters on Explosives in Practical Application. By M. Eisslrk, 

Mining Engineer and Metallurgical Chemist. Second Edition, Enlarged. 

With 150 Illustrations. Crown 8vo, cloth. [Just Published. 12/6 

" Useful not only to the miner, but also to officers of both services to whom Ma^ng ^nd o^^ 

use ot explosives generally may at any time become a necessary auxiliary."— AWmtv. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom, together with the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerotis Goods. By 
H. Joshua Phillips, F.I.C, F.CS. Crown 8vo, 374 pp., cloth . . 9/0 
*• Merits a wide circulatioo. and an faBtdUgent, appredathrc ttudf'—CMemifmi Atrav. 
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A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Add, Sulphate of Soda, and Bleachins 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and 
London. ^90 pp. of Text. With 333 Illustrations and Worlung Drawings, 
Second Edition, with Additions Super-royal 8vo, cloth . £1 1 C^, 

" This book is written by a manufacturer for manufecturen. The working detaik of tbc most 
approved forms of apparatus are pven. and thes« are accompanied by no less than 933 wood 
cniifTavings, all of which may be used for the purposes of construction. Evenr step in the manu- 
facture is venr fully described in this manual, and each improvement explained. —Athtfuruin. 

" We nnd not merely a sound and luminous explanation of the chemical principles of the 
trade, but a norice of numerous matters which have a most imponant bearing on the successful 
conduct of alkali works, but which are generally ovcriooked by even experienced technological 
iku.tbon.''—Ckemtcmi Xet/iew. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

OBOLOOY. 

Containing atll known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. •Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Enlarged. 
Crown 8vo, cloth fi/O 

" The student who goes ccHiscientiously through the course of experimentation here laid down 
will gain a better insight mto inorgamc chemistry and mineralogy than if he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. —C>wiwsa- / 
AVwr. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c By J. W. SLATKit. 
Second Exlition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" A complete encyclopaedia of the materia Hnctoria. The informaHon |^ven respecting each 
article is (uU and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, are given with dearaess, and are practical as well as valuable."— CAtfwtilr/ 
and Druff^isL 

" Tnen b no other wotk which covers precisely the same ground. To students preparing 
Tor enminatiotts in dyeing and printing it will prove exceedingly u&eAiL"'— CAMMdbs/ ASrwx 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. ^ Embracing the 
Conclusions of Modem Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth. [Juit Publishtd, 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinatioaal 
tests, while the scientific brewer will find in it a return/ of all the most important discoveries of 
modem times. The work b written throughout in a clear and concise manner, and the authfw 
takes great care to dlsctiininate between vague theories and well-established facts."— Arrwrrj* 
ytttmaJ. 

" We have great pleasure in recommending this handy book, and have no hesitation in saying 
that it is one of the boK— if not the best— which has yet been written on the subject of beer-brewing 
ia this country ; it should have a place on the shel«-es of every bfewer's Hbrary."— ArrsMrx' 
Gumrdtan. 

'* Although the requirements of the student are primarily considered, an acquaintance of half- 
an-bour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide auid practical counsellor in brewery matters."- Ckewtua^ Trmdt yctimai. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloch 2/0 

" Ought to have Its place in the laboratory of every metallurgical estabfishment and wherever 
fuel is used 00 a large scab."— CAonsc^/ N€W.\ 
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THE ART15T5' MANUAL OF PIGMENTS. 

Showing their Composition, Cooditioos of PennaneQcy, Noa>PernuuieDcy. and 

Adulterations *. Eflects in Combination with Each Other and with Vehicles ; 

and the most Reliable Tesu of Purity. By H. C Standags. Crown 8vo. 2/6 

" Thb woik is indeed imultuim-4H'^rv0» and we can. with good coosdcnce. rtcot m aend k to 

■n who come In contact with pigments, whether as makeis. dealers, or risnn " C^tntimf Xttt 



A POCKET-BOOK OF MENSURATION AND QAUQINQ. 

Contauning Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. i8mo, leather 4/0 

" This handy and useful book is adapted to the requirements of the Inland Revenue Dcpeit- 
ment, and will be a favourite book of re fer e n ce." — CHdUmn, 

"Shoukl be in the hands of every practical brewer. "—B* nw» i s ' ymtm^t. 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Prrparation of Tea for the Market. By 
A. J. Wai.lis-Tavi.er, A. M. Inst. C.E. Meditun 8vo, 468 pp. With azE 
IlIu>irations. \Just Published. Net 26/0 

Sl'MMARY OF CdNTHNTS : — MKCHANirAI ClI.TIVATION OR TILLAGE OF THf 
Sell — IM.rCKINl.. <»K (".AIHKRlNi; THE I.HAK. — TKA FACTORIRS.— THR DRESSrNJi. 
MANlFAl.riKH. OR PRHI'ARATION oK TKA HV MF.CHANICAL MHANS.— ARTIFICIAI 
WllHF.RINi; OF THH I.KAF.— MACIIINKS FOR ROLLINc; OR ClRLING THK I.F.AF.- 

1"i:rmkniin<; 1'kocks'*.— Machinhs for thf. Aiiomatic drvlng or Firing i>f thi- 

1-KAF. — MACHINKS for NoN-AllOMAlIC DRYING OR FIRING OF THH l-HAF.— DRVI.Ni , 

OR Firing Machinks.— Brfakinc; or citting, and Sorting Machines.— Packing 
Tin- Tha.— Mfans of Transport ox Tka Flantatio.ns,— Miscf:llanhol's Machi.nkrv 
ANo APPARATis.— Final Tri-atmknt.i»f thf Tea,— Tablf.s and Memoranda. 

" The subject of tea machinery is now one of the fint interest to a laryc class of pc\.ple. to 
whom we strongly tonimenil the \o\\imc."—Cha*nt-er0/CorHmefxe yournal. 

" When tea jtUntin}; was first inuoduced into the British pt ssesisious little, if any, machinery 
wa<> employed, but now i.s use is almost univer^al. This volume conta'us a very full account of the 
inarhinery necessarj- for theproi^er ou'fit of a factorj-, and also a description at the pro:eisers l^csi 
carried out by this uidch'incTy."—y(>ufnai Sciie(y o/.-irts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By FribIdkich Kick, Imperial 
Reeierung^srath, Professor of Mechanical Technol(^gy in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powues, Assoc Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 

Plates, and 167 Woodcuts. Royal 8vo, cloth ^1 Q^. 

" Thb raluable work is, and will remain, the standard authority on the science of nuIUns. . . . 
The miller who has read and digested this work wiU have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem milling in good, 
s >und English, which has little, if any, trace of the German idiom."— 7Vb< MilUr. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/6 

" A distinct advance in the literature of cotton manufacture."— . UarAt'N4ro'- 

** It is thoroughly reliable, fulfilling nearly all the requirements desired."— (P/m^0W Herald, 

MODERN CYCLE5. 

A Practical Handbook on their Construction and Repair. By A. 1. Wallis- 

Tavler, a. M. Inst. C. E. Author of " Refrigerating Machinery, &c. With 

upwards of 300 Illustrations. Crown 8vo. cloth. [Just Publuhed. 10/6 

" The large trade that is done in the component parts of bicycles has placed in the way of 

n en mechanically inclined extraordinarv facilities for buQding bicycles for their own use. . . . The 

book will prove a valuable guide for all those who aspire to the manufacture or repair of tUeir own 

machines. —rA« Fif/d. 

" A most comptehenslve and up-to-date treatise."— TA/ Cytf*. 

" A venr u«rliil book, which is quite entitled to rank as a standard work for students of cycle 
covaitt\KiioiL"-'fHUeUtif. 



INDUSTRIAL AND USEFUL ARTS. j? 

CEMENT5, PASTES, QLUES, AND QUitLS. 

A Pnciical Guide id the Mumfactmc ud ApplicuioD of the miooi AEElatl- 
nwili requirsl in Ibe BuiMirg, Mcul-Woildng, Wood-Wmkiac. ud LeUher- 
Working Tradu, uid Tor Woiluhop, LubmUDry « Office Uu, Wilb upwardi 
□f^oi Recipes and Funnule, By d. C. Stanuagk, Chtmilt. Third Edilioo. 
Crown Sva, dolh. [Jiat Publiilud. 310 



THE ART OP 50AP-MAKlNa. 

A Practical Muidbock at the Minuficture of Hard and SoFt Soapa, Toili 
Soaps, Ac. Including man; Ne» Pt»;e»«. aiHl a Chamer on the Reco«nv i 
GI>-«tine from Wasie Leys. By Alx. Watt. Fifth Edition, Revistd, wit 
an Appendia on Mod»m Candlmiaking, Ciown 

to' UI I nid'ln Encilili'w 

PRACTICAL PAPER-MAKINO. 

A Manual for Papei-Miktnuid Owners and Managen of Piper-MiDi. With 
Tables, Calculations, &c By G, Clappbktoh, Paper-Maker. With Him- 
nation! of Fibres ftom Micro-Photographs. Crown 8™, cloth . S/O 



Paper frotn Rais, EipuIOi 
leManr'- -"-.-'-- 

of '■ The At! of ; 

n!"'Tb« ■^n"(i("pj«i'MikriiJ"'u 



. _ .. ..._„..._. .._. ofPnIpfr 
Wood Fibre, with a Descripiioo of the Micbuierv and AppliaiKet uwd. 
Details "^ ' " ■ - ■ r 



added Details of^rocesses fot Recovering Soda Aotn Waste Liijuo 

By Alexahdei Wavt, Author of " The Art of Soap-Making.'- With 1lt> 



Er Manufacture; Cotnplete 

,m.^^ u. .]..», .:,u ^K<....,.^.H u. .'.u^,..,. n.„u> Of PapCT. By RlCHAUD 

Paikihsoh. hue of the Mancbuler Technical School. Demy Svo. cloth. 

(/«(/'-*/h*ml am 

THE ART OF LEATHER MANUFACTURE. 

Being a Fraclic:! Handbook, in which the Operations ofTannini, Currying, 
and Leather Dreuine are fully Described, and the Principles of Tannine 
Eiplained, and nuiny Recent PrDCe!«i Introduced : ai aim Method) for the 
Eitimaiion of Tannin, and a DescHption of the Arts of Glue Boiling. Gut 
Dieting, Sc. By Albxabdkr Watt, Author of '■ Soap-Making," Ac. 
Fourth Kdit ion. Crown 9vo, dolh 9/0 

THE ART OP BOOT AND SHOE MAKINO. 

A Practical Handbook, including Meaiuiement, Lut-Fillin(, Cultini-Oul, 
Qoiing and Making, with a Desciiplioo of the moal appiDved Mai^iney 
Bnqaoyed. By John B. Uno, late Editor of SI. Criipm, and Tin Bool a«J 
ShM-ilalut. imo, cloth Ottt 



3$ CROSBY LOCKWOOD ^ SOITS CATALXX^UR. 
WOOD ENORAVINO. 

A Practical and Easy Introdactioa to tbaStndyof tba Art. By W. K. Bbowk. 
inno, doth I/Q 



** The book is clear and complete, and wlB be uaeAil to anj oae wanting to iiiMl«mniiiJ tfce 
•nt atemeau of the beautiful ait of wood eegraving."— 6y«|^M& 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the Sdiool 
of Horology at Macon, by Julibn Tripplin, r.R.A.S., Besanooo Watdi 
Manufacturer, and Edward Kigc, M.A., Assayer in the Roy«l Mint. With 
Seventy-eiffht Woodcuts «nd Twentv-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, cloth, £2 2a. ; half-calf . . ^^2 1 0s. 

" There is no horoiogic^ work In the English languan at all to be comuered to thb produc- 
tion of M. Saunter's for cleameas and completeneaa. It is aUke good as a gukle for the student and 
as a reference for the experienced horolo|nst and skilled worknaa." — H^rtUgitmi y»mrmmi. 

" The latest, the most complete, and the most leUable of those ttterary prtMUictioiis to which 
continental watchmakers are indebted for the mcchaiUcal sapetiocity over their English bre thi ec 
-.4n fact, the Book of Books, is M. Saunier's ' Treatise.'"— K ^ sScA w ikrr. y*mti/er, mm3 SiiversmOk. 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjnster in Making. 
Springing, Timing and Adjusting for Isochronism, Positicmsaod Temperattires. 
By C. E. Fritts. 370 pp., with Illustratioos, 8vo, cloth . . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied MechanioU Arts. Translated from the French of Claudius 
Saunier, and cnlarijed by Julien Tkipplin, F.R.A.S., and Edward 
KiGG, M.A., Assayer in the Royal Mint. Third Edition. 8vo, cloth. Q/Q 
" Each part is trulv a treatise in its«lf. The arrangement is good and the language is clear 
.ind concive. It is an a«finirahlc \^U\e for the young watchmaker.*"— £'«ip'»i*m>»^. 

" It i\ im{><>sstl>le to s|)eak too highly of its excellence. It fiilms every reoulreincnt In a 
handbook intended for the use of a workman. Should be found in erery workshop. —M'a<rA and 
Clockntakt ' . 

A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

Ky James F. Kendal, M.B.H. Inst. Boards, 1/6; or cloth, gilt . 2'6 
•• The l>est which has yet apfteared on this subject in the English language."— AMftMiyiCrj. 
" Ot>cn the book where you may. there is interesting matter in it concerning the ingenious 
derices of the ancient or modem horoU>ger. "— Sa/»<ni«i> Rtvuw. 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Alloys. With De.scriptions of Voltaic Batteries, Magneto 
and D>'namo- Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several Chapters on 
Electro-Metallurcjv. By Ai.exandkr Watt, Author of "Electro- 
Metallurgy," &c. Third Edition, Revised. Crown 8vo, cloth . . 0;0 

"Eminently a lx>ok for the practical worker in electro-deposition. It contains practical 
descriptions of methods, processes and materials, as actually pursued and used in the woruhop."— 
EHgineer, 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 
most recent Processes, ixmo, cloth 3/6 

" From this book both amateur and anisan may learn everything necessary for the successful 
prosecution of electroplating." — Iron 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee, Author of " The 
Goldsmith's Handbook," &c Crown 8vo, cloth 7/6 



M' 



• Thb oianoal of technical education b apparently destined to be a valuable anxffiaty to a 
handlcraA which la certainly capable of great ImproTeuMmc."— TAr 7 imes. 



INDOSTRIAL AND OSEPOL ARTS. 
HLBCTROPLATINa. 



ilion of Copper, Silver, Nickel, 

. , By J. W. UmjuHAnT, C.E. i 

on. Revued. Ciown Bvd, daib. \Jitil PnUiskrd. 



ELECTROTVPINQ. 

Tbe RepiDduciion iiiil Multiplicuioo of Prinling Suifscei uid Worlu of An 
brllHEleciro-DcpositioaofMeuU. By J. W.Dhquhaht.C.E. CTa<m Bw, 
f»^ S« 

00LD5JniTH'5 HANDBOOK. 

By GioKGi E. Gu. Jeweller, &c. Fifth Ediiion. iinia, cloth . . 3/0 
*'A rood, Hvnd adacator, vtd vOl b* poKFi^y Kcepted n u luthorilr.'— /TVFWvWHr 



0, lloih _ ■ ■ ■ • 3/0 

5HEET METAL WORKER'S INSTRUCTOR. 

Compriling ■ Sdrctini of Geooieaical Problenu and Ptulicul Rules for 
Desciibing ibe Various PlllEini Requited by Zini;, Sheet-Iron, Copper, unl 
Tin-PlateVcrken. By Reuun HiHiy Wahn. Nt» Edtiioo. Reviwl uid 
grimily Enlarged by JosIfH G. Hoknkb, A.M.I.M.E. Cro*tl 8™, .S4 Pp.. 
with 430 lUuilnuions, clotb. [/«J( PMiitud. Ha 

BREAD ft BISCUIT BAKER'S ft SUGAR- BOILER'S 

AAA I ATA NT. 
liKlnding a Utrge variety of Modern Rccipei. With Remuki 00 (he An of 
BroJ-maldng. By RoBinT Wells. ThinT Ediiion. Crown Svo. doth . 2/0 

PASTRYCOOK ft CONFECTIONER'S GUIDE. 

FiK Hotels, Reflunnu, ind [be Ti^e iti general, idapled alu br Funily 
Uie. Bv K. Wills, Author of " The Braid ud BiKuilBiks," Crowo Svo, 
doth S/O 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bilcen, Coofectionen and Paiuyisokl ; JnclDduig a •viiety of 
Modem Recipei. and Remailu on Decorative and Coloured Work. With tio 
Original Deiigiu. By RoBiiiT Wsu3. SccoiKi Edition. CrownSvo . S/O 



THE MODERN FLOUR CONFECTIONER. WHOLESALE 

AND RBTAIL. 

a large Cdlection ofRedpet or Cheap Caliei, Biicniti, &c. With 



ngredienu Ujad in tlieir Manuficlure. By RoiK 
.ULon Di ioe ft«d and Biicuit Baker," Ac. C10WD Svo, clolh 
>e work h of adacidedtr practical chaiacter. and Id ernyredpeiecud It hAdlDKunE 
'-AWM BrilUt Dailf ilmU. 

TAMPS 

ntheUi 



^lecial Inki. CoHnti, nod Allied Subjecu. By T. ( 
RkD. WiihavnaoDtlUiisnuaBt. Sqoan Ivo, ch 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New SeriesX Attthor of " Lathe Work," " Millinc MM^unes," ftc 

Crown 8vo, 144 pp., price is. each. 
Tk»s§ Handvbooks hav bun wrUUm to supply imfo rma Hon for Wokkmkn. 
Students, and Amateurs in th4 stv*ral Handicrafts, on thi acittal Pkactics 0/ 
tht Workshop, anJ art inttnJtd to convty in plain languart Technical Know- 
LEiMiB 0/ the several Crafts. In describing the processes employad, and tha manipn- 
lation of material, workshop terms are used ; workshop practice is fully axplaintd ; 
and the text is freely illustrated with drawittgs of modem tools^ appliancos^ and 
processes. 

THE METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Fooc>Lathe. With over loo Illas- 

trations. . 1 'O 

" The lv>i>k will Iw of service alike to the amateur and the aitisui tum^r. It display* 
thnmugh knowl«s1);e of the %uhject."—SivtsmaH. 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over too Illastrations. 

1/0 

" We rec(>mnien<l the book to jroung turners and analeun. A multitude of wovIcbmb have 
hitherto aou^ht in vain for a nuutual of thi& special industry."— JMcdk^iM^laa/ fe'0f^d. 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 IlIustration<% . I/O 

" We str>>nt;ly ;i<i\-ise all yount; {tcrums connected with the watch trade to acquire and study 
tliis inex|ienMve wurk." — C'ertenwrJ Chfvnu'ie. 

THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of icv) Illustrations I/O 

" A most valu-iMc. if not indis(>ens^ble manual for the pattern maker."— ATiMwiW^. 

THE MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Proccsises. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects I/O 

"A very cU-viT :in^i u-m-iuI Uiok, wliic2t should i)e found in every workshop ; and it should 
cvrt-iinly fimi a iil.icc in all techn:i al mjIiooLs." — Satuniay KevUw. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upw.irds of 100 Illustrations. . I/O 

" Mr. ILisliiLk, hi!, jirufiuced a ver>- go<Ml little Xtook." ^BMiUtr. 

THE CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations I/O 

•• It is of ine&tinublc service to those conunencing the XTH\^"—Cfff€Mtry StattdatneL 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of 100 Illustrations . . I/Q 

"Mr. Hflsluck's thorough-Koint; little Handybook is amongst the most practical guides w 
liave seen for liojfinners m cabinet-work." — Saturday Rrvtrw, 

THE WOODWORKER'S HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing; Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations I/O 

Opinions op the Press. 
** Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to others. " — En^'ineer^ng. 

"Mr. Hasluck writes admirably, and gives complete instructions." — Engineer, 
" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowle^lge of processes of the trained mechanician, and the manuals are marvels of wh^it 
can be produced at a itopubiT price,"— ScMtHf/masw. 

"Helpful to workmen ot all ages and degrees of experience."— Z>a</y ChrtniUe, 
"Practical, semdble. and remarkably cYit*.^."'—y0MnuU ^ EdtumHtn. 
" Concise, clear, and pracdcaL"— 5it/Mn[fa>' Review. 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, &c. 



LE550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Rojral High Commercial School at Genoa. 
Edited and Revised by James Gault, Professor of Commerce and Commercial 
Law in King's College, London. Second Edition, Revised. Crown 8vo . 3/6 

" The pubUshers of this work have rendered considerable service to the cause of commefcial 
education by the opportune production of this volume. . . . The work is peculiarly acceptable to 
Eniflish readers and an admirable addition to existing class books. In a phrase, we think the woric 
attams its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."— CAaOT^#ra^C«mM«rcv youmaL 

" An invaluable guide in the bands of those who are preparing for a comroernal career, and, 
in fact, the information it contains on matters of business should M impressed on every one."— 
C*ttfUtM£- Hfiuse. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corres|>ondence in Five Lansuagea — English, 
French, German, Italian, and Spanish. By Conrad E. Bakbr. Second 
Edition. Crown 8vo, doth 3/6 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cauuiot do 
better than study this work, the materials of which are excdlent and conveniently arranged. They 
consist not of entire specimen letters, but— what are fur more useftil — short passages, sentences, or 
phrases expressing the same general idea in various fonDA."—AtfutuKUfH. 

" A careful ezaminatioo has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good one. "—S e ht alm a s ttr, 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

.\ Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts: the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fslls. Fourth Edition, Revised and Enlarg(Ki. 
Demy 8vo, 250 pp., strongly bound 6/0 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree ^xh."—AecniHtaHts' yeumat. 

" Characterised by extreme thoroughness. There are few owners of ftctoiies who would not 
derive great benefit from the perusal of this most admirable mohu''—L9cmiG«vtmm€nt Ckr&nicU. 

MODERN METROLOGY. 

.•\ Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. B^ Lowis D. A. 
Jackson, A. M. Inst. C. E., Autnor of " Aid to Survey Pracuce," &c. Large 

crown 8vo, cloth 1 2/6 

" We recommend the work to all interested in the practical refonn of our weights and 
oieasures. "—NatHrt, 

A SERIE5 OP METRIC TABLE5. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, strongly bound 10/6 

" Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the other."— ^£Ak»«mim, 

THE IRON AND METAL TRADE5' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to xzas. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. 396 pp., leather . . Q/O 

"A most useftil sat of tables, nothing like them before existed."— J?MdM<Mr A!nw. 
" Ahbottgh spadalhr adapted to the iron and metal trades, the tables wlfl be found useftd in 
•every odter banoess In which maichandlae b bought and sold by wel«!b&."— RmUw) N«wa. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Cootafaiing apwaidt of 950,000 Scpormte Caknlttsoiu, tbowinc at m Glance the 
Value at 439 Different Rates, ranging from lifth of a Peno^ to aot. each, or per 
cwt., and £90 per too, of any number of articlet cooaecutively, from i to 470. 
Any number of cwts., ors., and lbs., from i cwt. to 470 cwts. Any number of 
tons.' cwts., qrs., and lbs., from x to 1,000 tons. By Wiixiam Chadwick, 
Public Aco>untant. Third Edition, Revised. 8vo, strongly bound . f 8/0 

" It is as easy of rafermctt for any answer or anr number of answen as a cUctkmarjr. Fo* 
maUnc up accounts or estimates the book must prove faiTahiable to aU who have any consfderable 
quantity of calculations involving price and measure in any combination to 6o.''^ngimttr. 

" The most perfect woric of the kind yet prepared, "-^ikvw HtrmUL. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprdiennve Plan, exhibiting at 

one Reference the exact Value of any Weight from x lb. to 15 tons, at 900 

Progressive Rates, from \d, to i68s. par cwt., and containing x86.ooo Direct 

Answers, which, with their Combinations, consisting of a single addition 

(mostly to be oerformed at sightX will afford an aggregate ctf 10,966,000 

Answers ; the whole being calciilated and designed to ensure correctness and 

OTomote despatch. By Henry Hakbbn, Accountant. FifUi Editaoa, carefully 

CiNTected. Royal 8vo, strongly half>bound £1 fis« 

" A practical and useftil work of reference for men of bualnesB generalhr.'*— /hMMwiv**'- 
"Of ptlceleM value to businen men. It is a necessary book in aU nteicantfle Mfices.**— 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacttirers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from anv mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discotmt. or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from \\ to 90 per cent.. Tables of Discount from x^ to 98! per cent., 
and Tables of Commission, &c., from | to 10 per cent. By Hbnry Harben, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . id fis. 

" A book such as this can only be appreciated by business men. to whom the saving of time 
means saving of money. The work must prove of great value to merchants, manufocturers. and 
general traders.*'— ^riAVA Tradt youmal. 

TABLES OF WAGES. 

At 54, 5a, 50 and 48 Hours per Week. Showing the Amounts of Waees from 
One quarter of an hour to Sixty -four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown Svo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwanis of 150,000 difierent sizes of Iron Plates from 
I foot by 6 in. by J in. to 10 feet by 5 feet by i in. ^ Worked out on the Basis of 
40 lbs. to the square foot of Iron of i inch in thickness. By H. Buri.inson 
and W. H. Simpson. 4to, half-bound £1 6a. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Lc^arithms, Cologarithms, 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal Svo, mount«i 
on canvas, in cloth case. Just Publishid. SIO 
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AGRICULTURE, FARMING, 
GARDENING, &c. 

THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BRBBDER*S ASSISTANT. 

A Compendium of Husbandry. Orig^tnally Written by William Youatt. 

Fourteenth Exiition, entirely Re-written, considerably Enlarged, and brought 
I p to Present Requirements, by William Frbam, LL.D., Assistant Com- 
n ii>: oil er, Ro yal Commission on Agriculture, 1893, Author of " The Elements 

of Agriculture," &c. Royal 8vo, x,ioo pp., with over 450 Illustrations, 

hand^mely bound. [ /usi Pubiishtd. £1 lis. 60. 

SUMMARY OF CONTBNTS. 
BOOK I. ON THH VARIBTIBS, BRBBDINC, I BOOK VII. ON TMB BRBBDING. RBARINC. 

Rbarinc. Fattening and Managb- and Management op Poultry. 

MBNT OF Cattle. Book Vlll. on Farm Offices and 

Book II. on the Economy and man- ' Implements op husbandry. 

acement of the Dairy. Book IX. on the Culture and Man- 
Book III. ON the Breeding, Rbaring. , agbment op Grass Lands. 

AND Management op Horses. ' Book X. On the Cultivation and 

Book IV. on the Breeding. Rearing, , application of Grasses, Pulsb and 

AND Fattening of Sheep. Roots. 

Book v. on the Breeding, Rearing, Book XI. On Manures and their 

AND Fattening of swine. Application to Grass Land and 

Book vi. on thb Diseases op Ltvb Crops. 

Stock. book Xll. Monthly Calendars of 

Farmwork. 

%• Opinions op thb Press on the New Edition. 

" Dr. Fream is to b« congrattilated on the successful attempt he has made to gfre us a work 
which wiD at once become the standard classic of the farm practice of the country. We believe 
that it will be found that it has no compeer amonf the many works at present in exmence. . . 
The illustrations are admiraUe, while the frontispiece, which represents the well-known bull. 
New Year's Gift, owned by the Queen, is a work of art."— 7*A# Times. 

" The book must be recognised as occupying the proud position of the most exhaustiTe work 
of reference in the English laiufuage on the subject with which it AtM!i%."—Atfututum. 

" The most comprehensire guide to modem farm practice that exists in the English language 
to-day. . . . The oook is one that ought to be on every £urm and in the library of every land 
owner."— J/iarA Lane Express. 

" In point of exhaustiveness and accuracy the work win certainly hold a pre-eminent and 
unique postion ^xaaaa books dealing with scientific agricultural practice. It is. in fact, an agricul- 
tural library of itselfl' — AVrt* British AgnaUturist. 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch of 
the work of the live stock brmer; probably without an equal in thb or any other country."— 
Yarkshirt Post. 

FARM LIVE STOCK OP GREAT BRITAIN. 

Bt Robert Wallace, F.L.S., F.R.S.E.. &c, Professor of Agricultare and 
Rural Economy in the University of Edinbtirgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over lao Phototypes of Prize 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. 12/6 

" A really complete work on the history, b r ee ds , and management of the farm stock of Great 
Britain, and one which is likely to find its way to tlie ^lelves of every country gentleman's library." 
—Tks Tinus, 

" The latest edition of * Farm Live Stock of Great Britain ' is a production to be proud of, and 
its issue not the least of the services which its author has rendered to agricultural acicsice."— 
Scottish Farmer. 

"The book is very attractive, . . . and we can scarcely imagine the existence of a 
farmer who would not like to have a copy of this beautiful and useful wotk. —MarJk Lane Express. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnsll, B.Sc., Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, [/su/ Published. 6/0 

Summary of Contents : Survhyinc and Lbvbllinc. — weights and 
Measures. — Machinery and buildings. — Labour. — Operations. — Draining. — 

embanking.— geological memoranda soils.— manures.— cropping.— crops.— 

Rotations. — weeds.- Feeding. — Dairying.— uve Stock. — Horses. — Catti-e. — 
SHBBP.—PIG&— POULTRY.— FORESTRY.— Horticulture.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this ntMltum-iM-^n-o 
manual of all subjects connected with the faxxsL"— North British Africulturist. 

** Thb little pocket-book contains a arge amount of useftil informatioa upon all Idnds of agri- 
cultural subjects. Something of the kind has long been wanted."- ^arl Lane Bj^rexs. 

••The amoont of infbfmatkm It contains is most suipiising ; the arrangement of the matter is 



to m e th o dlral e lthongh ao c o mpp esee il ■■ to be Intalllgible to eve r yone who takes a glance through 
i-.s pages. They teem with infoiBalk)n.'*—^(erMMitf2r(MW. 
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BRITISH DAIRVmO. 




MILK, CHEESE, AND BUTTER. 

A Pnctical Handbook oa 

I ncimlin f a Cha^ttrr aa Creaa jod tike Methods of 
MiDc By Jomi Olxtuu bu Prindpal of the W« 
wok Cotoored PIttcs aad aoo ir 




SYSTEMATIC SMALL FARMING. 

Or, Tbe Leisom of My Farm. Bdaf an IzmodactBaB to Modem Fa 

Practice for SmaQ Farmers. By IL Scott Bcnui, Attbor of '* Oodines of 

Modern Farming," ftc Crown Biro, doch. BO 

"TbiiitthecoKpleteaK book of ks das wekxvesaca. and oae wMcfc c » Mf it fa iiuci 
viil read with pteaacre, and accept as a ^uide. * — Fi*.d^ 

OUTLINES OF MODERN FARMING. 

By R. Scott Bukx. SoQst Manures, and Crops— Farminf^ and Famting 
Economy — Cattle, Sheep, and Horses — Management of Datxry^ PigS and 
Poultry— Utilisation of Town-Sewage, Irrigaiion. &c. Sixth Eduioo. In One 
Vol., 1,350 pp., half-boand, profusely lUostrated 12tO 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking : Irrigation and Water Sonplr ; Farm 
Koaris, Fences and Gates ; Farm Buildings ; Bam Implements and Machines; 
Field Implements and Machines : Agricultural Surveying, &c. By Professor 
JoHM Scott. In One Vol., 1,130 pp., half-bound, with over 600 Illnstrations. 

12.0 
" Written with jr''eat care, as well as with knowieiii^ and abiBty. The author has dooe his 
work weil ; we have found him a rery trastwortby ^akie wiaeterer we have tested hs statements. 
TTus rolume will be of g^reax ralue to agnculturai students." — Sl*rk Lmme Enfrtst, 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the SyUabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 

i8mo, cloth 2 6 

" It is a lons^ time since we hare seen a book which has pleased us moce. or which contains 
fcuch a vast and useful fund of knowledge. ' — EducattanA, Titms. 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AQRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS, 
AUCTIONEERS, &c 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 373 pp., waistcoat-pocket size, limp leather '1.6 

" We^hini^ less than i oz., and occupying no more space than a match-box. it contains a mass 
of facts and cakulations which has never Defore. in such bandy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as tboroa^y accurate, the whole of 
the tatUes having been revised by Dr. Fream. We cordially recommend VL^—BtlTx It'teJtiy 
Metsfngtr. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part I. Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

[Just PMblis/ud. 3/6 

" We have no doubt that the book wiD be wekomad by a large class o# Cumen and othen 
interested In agtteuituie. "-Stm mlard. 
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FERTIL15ER5 AND FEEDING STUFFS. 

A Handbook for the Practical Farmer. By Bernard Dyer, D.Sc. (Lond.) 
With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third 
Edition, Revised. Crown 8vo, cloth. lj*tst Pubtishtd. 1 /O 

"This little book is precisely what it professes to be— 'A Handbook for the Practical 
Fanner.' Dr. Dyer has done farmers good service in placing at their disposal so much useful 
ioformation in so intelligible a form."— TA^ Tinus, 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiarv. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, cloth I/O 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a Svstem adapted for all 
Qasses of Farms. By Johnson M. Woodman, Cnartered Accountant. 

Second Eklition, Revised. Crown 8vo, cloth 2/6 

" The volume is a capital study of a most important subject."— ^iTicW/Mni/ CaMttte. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labotxr Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

FoUo, half-bound iVr/ 7/6 

"Contains every requisite form for keeping £urm accounts readQy and accurately."— 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samukl Wood. Crown 8vo, cloth 3/6 

" A good book, containing a great deal of valuable teaching.* —Cmrdttttrx' Mmgrnmittt. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bv S. Wood. Fourth 
Edition, with oonsidend>le Additions, and numerous Illustrations. Grown 

8vo, cloth 3/6 

" A very good book, and one to be highly recommeaded as a practical guide. The practical 
directions are eg c ePen t "^AUUfutum. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;C69o a yearly the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise a 176 per annum clear Profit. By Samuel Wood, Author of 
"Good Gardening, ^'&c. Sixth Edition, Crown 8vo, sewed . .I/O 



" We are bound to recommend it as not only suited to the case of the amateur and gentlt*- 
man's gardener, but to the market grower."— l^arrfoMrr' Mrngmshn*. 

THE LADIES' MULTUM-lN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 
** Full of shrewd hints and useful instructions, baaed on a lifietime of experience."— ^SeMmMm. 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

ByC. W.Shaw, late Editor of (Hsn^k»Mif'/^^^^'«^^< Cloth . . 8/6 
" Tte aoet ndnable ooanpeadbim of Idtchaa and aaikat-gaidan wock pubHshod."— ^«r«rrr. 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, Ac. 



INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPERTIES, 

Including Advowiiions, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Fiind-S 
&c., &c. a6th Edition, Revised and Extended br William Schoolikc, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just PuMukgd, Ar/8/O 
** TboM interested In the puichaae and sala of estates, and in the adJusdiMBt ofcoatpematioa 
cases, as well as in transactions in annuities, life insurances. &c, wiD find the pieaent editioii of 
eminent service. '•--£K,ri'«Krri»%f. 

"This vaiu.iMe txxilc lias been consideribly enlanped and improved by the labours of 
Mr. Schoolinir. ami Is now very com(4ete indeed." — EccHomisL 

" Altot^'ther this edition will prove of extreme value to many classes of professional men in 
s.'winf^ them iniuiy lontf and tedious calculations.** — Investors' Rtvirw. 

THE APPRAISER. AUCTIONEER, BROKER, HOUSE 

AND E5TATE AGENT AND VALUBR'5 POCKET ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 
John VVheklkr, Valuer, &c. Sixth Edition, Re-written and gieastly Extended 
by C. NoRRis, Surveyor, Valuer, &c. Royal 3amo, cloth . C/O 

" A neat and concise boolc of reference, containtii|f an admirable and clearly-aminffed list of 
prices for inventories, and a very practical euide to determine the value of furniture, dre. " — Standard. 

" Contains a Uri^e quantity uf varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property (generally, with prices far 
inventories, and a piide to determine the value of interior fittings and othiar effects."— ^Mi^^rr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Voting Auctioneer. By Robbrt 
S<jUi BBS. Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, cloth 1 2/6 

"The standard text-book on the topics of which it treats."— ^iArvurMm. 
"The work is one of general excellent character, and gives much infonnatkm in a com- 
psndious and satisfactory form."— .^MiiUrr. 

" May be recommended as giving a great deal of information on tbe law relating to 
<iuctioneers, in a very readable form. *— Z!«w ymtmal. 

" Auctioneers may be congratulated onoaving so pleasing a writer to m ln is tw to their special 
needs." — S^iititors' youmal. 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Ex.oniple of.i Detailed Report on ManaRcmenl and Re.alisation ; F'onns of 
Valuations of Tenant Right ; Lists of Local .\gricullural Customs ; Scales of 
Comiwnsiition under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses j\cts, &;. By Tom Bright, Agricul- 
tur.al Valuer, .\uthor of "The -Agriculiuml .Surveyor and Estate Agent's 
Handbook." Third Edition, Revised and further Enlarged Crown 8vo, 
cloth. [Just ruhlished. AV/ 6/0 

" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm produce of all kinds." — AjrricultHral Gastttt. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all idnds." — Farmter. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwood.s their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
Svo, cloth 3/6 

"To valuers, foresters and agents it will be a welcome aid."— AVrt* British A fTicuIturist. 
" Well calculated to assist the valuer in the discharge of bis duties, and of undoubted interest 
.ind use both to s irveyocs and auctkmeets in preparing viluatloas of all kinds. "•iTcjtf Utrrnid, 
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AGRICULTURAL SURVEYOR AND ESTATE AQENrS 

HANDBOOK. 

Of Practical Rules, Formuls, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Survevor and Valuer, Author of "The Agri^ 
cultural Valuer's Assistant," &c. with Illustrations. Fcap. 8vo, Leather. 

[/ust Published. Net 7/6 

" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock youmal. 

" It is a sinj^larly compact and well informed compendium of the facts and fibres likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed, "—^fw/jwta « . 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Insh, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Exlition. 

Royal 3amo, leather, elastic band 4/0 

" Of incalculable value to the country gentleman and professional tuan."— 'Farmers' youmai. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By Tohn £wart. 
Surveyor. Second Eklition, Revised. Royal 3amo, oblong, leather 4/0 

" A compendious and handy little yxAixsao."— Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land^ including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
ri^ht use^ of Decorative Art. By E. L. Tarbuck, Ardiitect and Surveyor. 
Sixth Edition, xamo, cloth fi/O 

" The advice is thoroughly practical."— /.aiw youmaL 

" For all who have deaJinics with house property, this is an Indispensable guide."— Z>Avm/if#M. 

" Carefully brought up to date, and much improved by the addition of a division on Fine 
Art. A well-wntten and thoughtful wowk."— Land Agents Rtcord. 



LAW AND MISCELLANEOUS. 
MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This invaluable guide to journalism is a work which all aspirants to a Journalistic career will 
«ead with advantage."— y<M(fKa.ii/. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Pri\'ate Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways. Gas and Water Works, &c. 
By L. Livingstons Macassbv, of the Middle Temple, Barrister-at-Law, 
\I. In.st. C.E. 8vo, cloth £1 5g, 



PATENT5 for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardincham, Assoc. Mem. Inst. C£., &c. Demy 8vo, cloth • 1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By T. S. Jbams, Author of " England's 
Supremacy," ftc. Crown 8vo, soo pp., doth 2/6 
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EVERY MAfTS OWN LAWYER. 

A Handy-Book of the Pi imip fa s of Law and £4^7. With a Concise 
IMctkiaarT of Legal Tenu. Bjr A Bakustbx. Tlutty-«e«vntfa Ettidon. 
carefully Rerbcd, and inrlnding New Acts of PariiaaMnt at 1809. Con- 
pricinf the Latu/^n GfirrrmmmX Act^ iSoo: SmJ€ if Fpmd mmJ Prw£s .A<t, 
/Soq: Jn/rctunts Disetuei XotificMXifln Act, iSoo : SmtmiJ DveiUftgs 
AcqmisitufH Act, iSOO : Ccmmums Act, mSdo: besides tbe Beme^ces Act, 
/SOS: AfmrriMft Act, 1S9S: ImehrimXcs Acts, iSoS and mSqq: CrimuMmJ 
£r idtuc4 Act, t9oS\ I 'mcdumtwrn Act, lAfS, &^. Jwdiciml Dedswmx dmrimf 
the yemr hmve miM* been duly mmted, Crowii 8vo, 750 pp.. stn»gly bound 
in doth. l/mst FmUisked. 6.'8 

•^* This Stmndmrd Wmrk ef Refermce fcrmx a CoMrLCTB EnroME or the 
Laws or Ekclakd, comprixin£ {^mmongst etker muuter): 

The Rights aicd Wkoncs op Individuals— Landlokd axd Tbxant— Veicdors 
AND Purchasbrs— Leases akd moktgacbs— FauccirAL avd agent— Paktkekship 

AND COMPA>-|BS— MASTEKS. SERVANTS AND WORKMEN— COKTRACTS AND AGREEMENTS 
— BORROWTERS. LE.NDRRS AND SURETIES— SALE AND PURCHASE OP GOODS— CHEQU ES. 

Bills and notes— Bills or Sale— Bankruptcy— Railway and Shitping Law— 
LirE. Fire, and marine Insurance— accident and Fidelity insurance— Criminal 
Ljiw— Parliamentary Elections— County Col^ncils— District Councils— Parish 
Councils— municipal Corporations— Libel and Slander— Public Health and 
Nuisances— Copyright. Patents. Trade marks— Husband and wipe— Di\'orce— 
INPANCY— Custody op Children- trustees and Executors— Clergy. Church. 
WARDENS. &C.— Game Laws and Sporting— Innkeepers— Horses and Dogs— Taxes 
and Death duties— Forms or agreements, wills, codicils, koticbs. ace 



WtF The thjttt 0/ this w^rk is i» enabU tkast »*« emuutt it * Me^ tkewutltes U tht 
Imw : and thereby t» dis^enu, as/mr as ^ssibU, tcith pr^xsitmai assis$mnce and adnce. There 
are many -anvn^s and £riruances wkuh persons mbmtt U /ram Htme i» time thratgh net 
knemrisig hew »r where t» a^ply /or redress .- and many persons hene as great a dread ^a 
lawyers office as e/a Ixen s aen. With this book at hand it is believed that many a SiX-AND- 
EIGHTPENCE mat be saved; manr a wrong redressed .- manr a rirht rexiaimed ; many a law 
tuit avoided: and many an evii abated. The work has estaihshad itsei/ as the standard legal 
adviser o/atl classes, and has a:so made a reputation /or itse^/ as a usefiU book 0/ r%/erence/o- 
lawifers residing at a distance /rom Law likrariet, who art glad to hmve at hand a wcrk 
tmiodying recent decisions and ena ctments . 

Opinions op the Press. 

" It is a complete code of Engifah l^w written in plain language, which all can undersund. 

. . . Shouklbeinthehandsof ereffybustneas nan. and aD who wish to abofish law7<e>» bills. "— 
lletkiy Times. 

" A useful and concise epitome of tiielaw. compiled whh considetable care. "—Law Magmaine. 

" A complete digest of tbe most useful facts which constitute Engfish Iv^.'—CtoSe. 
"This exceflent handbook. . . . Admirably done, admiiably arranged, and admirably 
cheap." — Leeds Mercury 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand. " — /V^ r». 

" A dictionary of legal facts well put together. The book b a rery usefkil oofC'^JIpeetator. 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 

QUiDE TO THE LAW OF LOANS AND PLEDQES. 

With the Statutes and a Digest of Cases. By H. C. Folkard, Barrister-at- 
Law. Cloth 3/6 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with App«;ndix of Statutes by T. F. Uttlev. 
Solicitor. Fcap. 8vo, cloth 3/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878-1891). For tbe Use of Manufacturers and Managers. By Emilk 
Gakckb and J. M. Fells. (Reprinted from "Factory Accounts.") 
Crown 8vo, sewed 60. 

UKAimruv, ac.nkw, »*<; co. i,u., ikmnteks, i.oncjon and tonmriikie. 



TABLES, 



ETC., 



FOR THE USE OF 



Mathematicians, Surveyors, 

Engineers, 



AND OTHER PRACTICAL COMPUTERS. 



Royal Svo, cloth, 2IS. net. 

TABLES FOR THE FORMATION OF 

LOGARITHMS AND ANTI-LOGARITHMS TO 
TWENTY-FOUR OR ANY LESS NUMBER OF 
PLACES, with Explanatory Introduction and Historical 
Preface. By Peter Gray. 



Medium 8vo, toith Marginal Index, 5s. net. 

TABLE OF LOGARITHMS AND ANTI- 

LOGARITHMS (Four Figures) i to 10,000. By Major- 
General Hannyngton. 



Mni mm LOOIWOOB & m,n,^\aSLm\«'%sSS^'^^ 



TABLES, &C. FOR THE USE OF MATHEMATIGIAIIS, SURVEYORS. ENGIREERS. &Gi 



Super RcynJ ZtWy doth^ 2IS. net 

TABLE OF QUARTER-SQUARES OF ALL 

INTEGER NUMBERS UP TO 100,000, by which the 
product of Two Factors may be found by the aid of Addition 
and Subtraction alone. By S. L. Laundy. 



Royal 4/^, cloth^ 5s. net 

TABLE OF PRODUCTS, BY THE 

FACTORS I TO 9, OF ALL NUMBERS FROM 
I TO 100,000, by the aid of which Multiplication may be 
performed by inspection; with an Introduction explanatory of 
its use, and also of the Method of obtaining the Products of 
Numbers exceeding the limits of the Table. By S. L 
Laundy. 



RoycU 8w, clothy J^2. 2S* net, 

TABLES OF COMPOUND INTEREST, 

for each rate between \ and 10 per Cent, per Annum, pro- 
ceeding by Intervals of One-Eighth, and from i Year to 100 
Years. — I. Present Value of jQi, — II. Present Value of ^i per 
Annum. — III. Amount of jQi, — IV. Amount of ;^i per 
Annum. By Lieut.-Col. W. H. Oakes, A. I. A. 



Super Royal Svo, cloih^ 2IS. net 

TABLES OF THE RECIPROCALS OF 

NUMBERS, FROM I TO 100,000, with their Differences, 
by which the Reciprocals of Numbers may be obtained up to 
10,000,000. By Lieut. -CoL. W. H. Oakes, A.I.A. 



iM&m : OEOSBT LftUI«\^^'a^^^'*^v'^N'^'«^^^^'^^'*^^^^^^ 



TABLES, &II. FOR THE USE OF MATHEMATICIANS, SURVEYORS, ENGINEERS, &C. 

Imperial Svo, cloihy lOs. 6d. net, 

TABLES FOR FINDING THE HALF- 
YEARLY RATE OF INTEREST, FROM \\ PER 
CENT. UPWARDS, realised on Stock or Bonds, bearing 
^i> i|> 2, 2^, 2j, 2|, and 3 per Cent. Half-Yearly Interest, 
issued at any Premium and redeemable at Par in any number 
of Half- Years not exceeding 60. By Lieut.-Col. W. H. Cakes, 
A.LA. 



Demy Svo^ cloth^ £1. lis, 6d. net. 

LOANS PAYABLE BY DRAWINGS AND 

DEBENTURE INTEREST TABLES. By Lieut.- 
Col. W. H. Cakes, A.I.A. 



Royal SvOy with Index complete. Half-calf ^ J^2. 2S. net. 

New Edition, 

TWO TABLES OF LOGARITHMS TO 

NATURAL NUMBERS, and Natural Numbers to Loga- 
rithms, for all Numbers from i to 99,999, and all Logarithms 
from *ooooi to '99999; arranged so that the Logarithm 
or Number required is at once obtained correctly to Five 
Places of Decimals, by means of a Marginal Index, and 
without Reference to Tables of Differences in any case. By 
E. Erskine Scott. 
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TABLES. &C. FOR THE USE OF MATHEMATIGIANS. SURVEYORS. ENGINEBiS. &a 

Royal Svo. Price lOs. net. 

A SHORT TABLE OF LOGARITHMS AND 

ANTI-LOGARITHMS TO TEN PLACES, in Two 
Parts, whereby the Logarithm of any Number to Ten Places of 
Decimals, and the Number corresponding to any Logarithm to 
Ten Places of Decimals, may be readily and correctly found, to 
which is added a Complete List of Constants, with Formulx 
for their Application. By E. Erskine Scott. 



Dtmy Zvo^ 76 //. Price 7s. 6d. net ; with Margined Thumb Index, 

I2S. 6d. net. 

AN IMPROVED TABLE OF FIVE-FIGURE 

LOGARITHMS, arranged with a view to securing the best 

possible combination of accuracy and speed in use, and with 

special regard to avoiding unnecessary fatigue to the eyes. By 
E. Erskine Scott. 



Super Royal Svo, 602 //., c/oth, 30s. net, 

LOGARITHMIC TABLES TO SEVEN 

PLACES OF DECIMALS, containing Logarithmic Sines 
and Tangents to every Second of the Circle, with Arguments in 
Space and Time. Reiused Edition, With additional Preface 
and Examples, by Major-General Hannyngton, F.I.A., F.S.S. 
By Robert Shortrede, F.R.A.S., &c. 



hoMfm \ OROSBI LMI«\\\Sft &m.'VN'^Xai^m\*^%sS^^^^ss^v-^^. 



^^Ib 



WEALE'S SERIES 



OF 



SCIENTIFIC AND TECHNICAL 

WORKS. 



" It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in Weale*s Series. "—Engineer. 
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CROSBY LOCKWOOD AND SON, 
7, STATIONERS' HALL COURT, LONDON, E.C. 

1900. 



2 WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 

CIVIL ENGINEERING & SURVEYING. 
Oivil Bntfineerin^. 

By Henry Law, M.Inst.C.E Including a Treatii^e on Hv-draulic 
Enginbsrinu by G. R. Burnbll, M.I.Ck. Seventh Edition, revised, 
with Large Additions by D. K. Clark, M.IC.E. . . . 6/6 

Pioneer Bn^neerin^: 

A TreatiM on the Engineering Operations connected with the Settlement of 
Waste lands in New Countries. By Edward Dobson, M.Lvst.CE 
With numerous Plates. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Construction and Erection. By Hamilton W. Pbndrrd. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Viaducts. 

A Practical Treatise upon their Construction for the use of Enpneers, 
Draughtsmen, and Students. Ky Francis Campin, C.E With numerous 
IlUuitrations 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Drvsdale 
DsMrsBV, C.E. Fourth Edition 2/0 

Materials and Construction: 

A Theoretical and Practical Treatise on the Str.iins, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . . 3/0 

Sanitary Work in the Smaller Towns and in Yillaffes. 

By Charles Si.agg, Assoc. M.Inst.C.H Third Edition . . 3/0 

Boads and Streets (The Construction of). 

In Two Parts: 1. The Akt df Constricting Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; H. Recent Practice: In- 
cluding Pavements of Wood, A>>phalte, &c. By D. K. Clark, C.E. 4/6 

Gas Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. 
Re-written by William Richards, C.E. Eighth Edition . . 6/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing Supplies of Water. By 
Sami'ei. Hughes, F.G.S., C.E. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

Wells and Well-Sinkin^. 

By John Geo. Swindell, A. R.I. B. A., and G. R. BfRNULL, C.E. ReviTd 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I. C.E. Third Edition . . . 4-/S 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.C B f /3 

Foundations and Concrete Works. 

With Practical Remarks on Footing?, Plankinz, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. 
Eighth Edition ) /6 



WEALE's SCIEIJTIFIC AND TECHNICAL SERIES. 



Fnaumatios, 

Including Acoustics and the Phenomena of Wind Currents, f«»r the Use of 
Beginners. By Ciiarlbs Tomi.inson, F.R.S. Fourth Edition . 1/6 

Land and Engineering Surveying. 

For Students and Practical Use. JJyT. Bakkr, C.E. Fighteenth Edition, 
Revised and Extended by F. E. Dixon, A.M. Inst. C.E., Professional Asso- 
ciate of the Instituti<»n of Surveyors. With numerous llhistrations and two 
Lithographic Plates \J ust published 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levellinz of 
Land for the purposes of Modern Engineering. By T. Baker, C.E. New 
Edition by £. Nugent, C.E 1/6 



MINING AND METALLURGY. 
Mineralogy, 

Rudiments of. Hy A. Ramsay, F.G.S. Fourth Eklition, revised and 
enlarged. Woodcuts and Plates 3/6 

Goal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighth Edition, revised and extended by 1\ Forster Brown. 

\J ust published 3/6 

Metallurgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu* 
facture of Iron and Steel, &c. By H. B'vukrman, F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... 6/0 

The Mineral Surveyor and Yaluer*s Complete Guide* 

By W. Lin TERN. Fourth Edition, with an Appendix on Magnetic an<l 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C Davies, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, fur Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Edition . . •1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fbnwick and T. Bakkr, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining 
I'ools, drawn to Scale. 4to 4/o 

Physical Geology, 

Partly based on Major-General Portlock's " Rudiments of G«oI<Mnr." 
By Ralph Tate, A.L.S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historicai. 

Consisting of *' Physical Geology," which sets forth the Leading Principles 
of the Science ; and " Historical Geology," which trcain <4 the Mineral and 
Organic Conditions of the Earth at each successive epoch. By Ralph 
Tate, F.G.S 4/6 

Electro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged 
and rerised, including the most Recent Processes .... 3/6 



i WEALe's SCIENTIFid AND Tl^UHtCAt SElirE!^. 

MECHANICAL ENGINEERING. 
TYk% Workman's Manual of Bntfinoering[ I>Favriii|f. 

By John Maxton, Instructor in Engineering Drawing, RoyalNaval 
College, Greenwich. Seventh Edition. 300 Plates and Diagnuns . 3/6 

Faels: Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. rHiLLirs, F.CS., formerly Analytical and Consulting Chemist 
to the Great Elastem Railway. Third Edition 2/0 

Fuel, Its Combustion and fiSoonomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of SmcJce." By C. W. Williams, A.I.C.E. With Exten- 
sive Additions by D. K Clark, M.I nst.C.E. Fourth Edition . 3/6 

Th« Boilermaker's Assistant 

In Drawing, Tenrplating, and Calculating Boiler Work, &c. By J. Coukt- 
NBV, Practical Boilermaker. Edited by D. K,. Clark, CC. . 2/0 

The Boiler-Maker*s Ready Reokoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers. Smiths, and Riveters. By John Courtnby. Editoi by D. K. 

Clark, M.l.C.E. Fourth Edition 4>/0 

•«• Tkf last two IV&rks in Otu yolume^ half-bound, entitled " Thb Boilkk. 

maksr's Rkadv-Rkckonrr and Assistant. By J. Courtnky and 

D. K. Clark. Price 7/0. 

Bteam Boilers : 

Their Construction and Management. By R. Armstrong, CE Illustrated 

1/6 

Bteam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Balb, M.Inst. M.E 2/6 

Steam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewbll. By D. K, Clark, C.E. Foiu-th Edition 3/Q 

The Steam Entfine, 

A Treatise on tne Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, C.E )/Q 

The Steam Engine. 

By Dr. Lardnek. Illustrated . • 1/6 

liooomotive Engines, 

ByG. D. Dempsey, C.E. With large Additions treating of the Modem 
Ixxromotive, by D. K.Clark, M.lnHt.CE 3/0 

liooomotive Engine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Rrvnolus. Tenth Edition, ^f. 6^. limp ; cloth boa^ . 4/6 

Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Revnolos. Sixth Edition. 3X. (W. limp ; cloth boards . 4/6 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Cranr. 
Fourth Edition 2/6 

Modem Workshop Praotioe, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated . . 3/6 

Engineering. 



Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Macnincry> ^lechanicaJ Manipulation, Manufacture w the Steam Engine, 
&c Bv Francis Campin, C.E. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, C.E. 3/0 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 5 
Elementary Engineering; : 

A Manual for Young Msu-ine Engineers and Apprentices. In the Form of 

§ Questions and Answers on Metalft, Alloys, Strength of Materials, &c. 
y T. S. Rrewsr. Fourth Edition \IQ 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Anj^ular Forces, &c. By Jambs Armouk, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E. 2/6 

Praotioal Mechanism, 

And Machine Tools. By T. Bakbr, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE 2/6 

Meohanics : 

Being a concise Elzposition of the General Principles of Mechanical Science, 
and tneir Applications. By Charles Tomlinson, F.R.S. . .1/6 

Granes (The Gonstmction of). 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c By Joseph Glynn, (.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Bailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Ck>loured Plates. New and enlarged 
Edition. By W. H. Rossbr 2/6 

Praotioal Navigation. 

Consisting of The Sailor's Sea-Book, by Tames Greenwood and W. H. 
RossER ; together with Mathematical and Nautical Tables for the Working 
of the Ptoblems, bv Henry Law, C.E. , and Prof. J. R. Young . 7/0 

Navigation and Nautioal Aetronomy, 

In Theory and Practice. By Prof. J. R. Younu. New Edition. 2/6 

Mathematioal Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on I^pgarithms. By H. Law, CE. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4./0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Span, Rigging, Blocks ; Chain, Wire, and Hemp Ropes. 
&c, relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Bails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping. N.A 2/6 

Marine Engines and Steam Vessels. 

By R. KluRRAY, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . 476 

Naval AiHohiteoture : 

An Expoution of Elementary Principles. By Jambs Peaks . . 3/6 

Ships for Ooean and River Servioe, 

Principles of the Construction of. By Hakon A. Sommzrpeldt . 1 /6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Ninth Edition, with numerous Illustrations and 
Models 1/6 



6 wealf/s scientific and technical series. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
CoBstruotional Iron and Bteel Work, 

As applied to Public, Private, and Domestic Kuildings. By Francis 
Campin, C.E 3/6 

Building Bstatos: 

A Treatise on the Development, Sale. Purchase, and Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Science of Building : 

An Elementary Treatise on the Principles of Construction. By E. Wvnd- 
iiAM Tarn. M.A. Lond. Fourth Edition 3/6 

The Art of BuUding : 

General Principles of Construction, Strength, and Use of Materials, Working 
Diawings, Specifications, &•:. By Kdwaro Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckstt, Q.C. (Lord Grim- 
thorpk). Second Edition 4>/6 

Dwelling-Houses (The Brection of), 

Illustrated by a Perspective View, Plan*, and Sections of a Pair of Villas, with 
Specification, Quantities, and KNtimatcs. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Bki'ck Ali.kn. Eleventh Edition, with Chapter on Economic Coc> 
tages for Allotments, by E. E. Ai.LKN, C.E. 2/0 

Acoustics in Relation to Architecture and Building: 

llie Laws of Sound ns applied to the Arrangement of Buildings. By Pro- 
feswr T. K(x;kr Smith, F. R.LH.A. New Edition, Revised . . t/6 

The Rudiments of Practical Bricklaying. 

General Principles of Kricklayinij ; Arch Drawing, Cutting, and Setting ; 
Pointing ; I'avmg, Tiling, &c. By A u am Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings |/3 

Brickwork: 

A Practical Treatise, embotlying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c. By F. Walkek 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmakinp^. By E. DonsoN, M.R.I.B.A. Additions by 
C. ToMi.iNSON, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.C.E.; 
Practicnl Bkuklavim;, by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 I llustratious, half-bound . . 6/0 

Garpentry and Joinery — 

The Klpmkntarv Pkinciim es of Carpentry. Chiefly composed from the 
Stand;<rd Work of Thomas Tred<;old, C.E. With Additions, and Treatise 
ON Joinery, by E. W, Tarn, M. \. Seventh Edition , . . 3/6 

Garpentry and Joinery — Atlas ^ 

Of 3? Plates to accompany and Illustrate the foregoing book. With 
Pescriptjvc Letterpress. 410 .... ... 6/0 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 7 
A Praotical Treatise on Handrailin^; 

Showing New and Simple Methods. By Gbo. Colli ngs. Second Edition, 
Revised, including a Trbatisb on Stairbuilding. With Plates . 2/6 

Giroular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvatore. 
By George Collings. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. By 
E. WvNDH AM Tarn, M. A., Architect Thvd Edition . . .1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect, with i6o Woodcuts . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgs 
H. Blagrovk. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merohant's, and 
Builder's Standard Guide. 

By R. E. Gkanoy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Eighth Edition, Re-written and Knlarged, with 500 Illustrations 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 lUustratioas 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kb MP 2/0 

House Painting, Oraininif, Marblintf, ft Si^ Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Seventh Edition. Coloured Plates . . o/O 

*«* Tfu abott, in cloth boards, strongly bounds 6/0 

A Grammar of Golouring, 

Applied to Decorative Painting and the Arts. By Georgb Fibld. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Houses, &c. By Jambs W. Facbt. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbv. 

2/6 
\* Th« last two Works in On* kandsom* Vol,, htOf^bound, tniitlod " HoifSB 
Dbcoration, Elbmbntary and Practical,'* >rrV/ 6/0 

Portland Gement for Users. 

By Hbnrv Faija, A.M.Inst.C.E. 1 bird Edition, Corrected . . 2/0 

Limes, Gements, Mortars, Gonoretes, Mastics, Plas- 
tering, ftc 

By G. R. BuRNBM. C-E. Fifteenth Edition . t -1/9 



8 WEALE'S scientific and technical 8ERIB3. 
llasoiiFj and Btone-Cuttbikg. 

The Priodplcs of Masonic Projecttoo and their appGcatioo to CoostroctSoii. 
By Edwakd EtoBSOM, U.R.I.B.A. 2/6 

JLrohtts, Pi«rs, Butt fa— , fto.: 

Experimenul Etuiys oo the Prioctples of Constnictioa. By W. Blawix 

1/6 
Qoajitities and Measurements, 

In Bricklayers', Masons'. Plasterers' Plumbers*, Painters*, PmpahMOgas', 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C Bbatom 1 /6 



The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoRTON. Sixth Edition 4/0 

*«* TAf M^cve, ttromgty bound im Umtker^ ^rict 6/0* 

Ugtkt : 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wtmd- 
HAM Takn, M. A., Author of " The Science of BuUding," ftc. . .1/6 

Hints to Toun^ Arohiteots. 

By Gkorgs Wightwicic, Architect. Sixth Edition, revised and enlarged 
by G. Huskisson Guillaumb, Architect 3/6 

JLrohiteoture —Orders : 

The Orders and their vi^sthetic Principles. By W. H. Lbkds. lUastrated. 

1/6 
Arch iteoture— Styles : 

llie History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. iJy T. Talbot Buky, 
F.R.I.H..\. Illustrated 2/0 

•»• Orders and Styles of Architecture, m Ctu PW., 3/6- 

Architecture— Desig^^n : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacv Garuett, Architect. Illustrated 2/6 

•»• 7'Ar three ^recf ding Works in One hnmisomt VoL^ half bounds entitled 
"Modern Architecture,"/"** 6/0* 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Punting, &c. 
By George Pyne 2/0 

Architectural Modelling in Paper. 

By T. a. Richardson. With Illustiaiions, engraved by O. Jbwitt t /6 

Glass Staining, and the Art of Painting on Glass* 

From the German of Dr. Gessert and Emamel Otto Frombsrg. With 
an Appendix on The Art of Enamelling 2/6 

Yitruvius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A-. 
F.R.A.S. With 23 Plates 5/0 

N.B. — This is the only Edition ^Vitruvus /irocurabU at a moderate Price. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Abbrdkbn \ fQ 

•»* Th4 two Receding Works in One handsome Vol., half bounds tntithi 
" Ancibnt ARCHi-ntCTURE," price 6/0- 
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INDUSTRIAL AND USEFUL ARTS. 
Ctoments, Paat«s, Glues, and Gums. 

A Practical Guide to the Manufacture and Application of the Tarioos 
Agglutinants required for Workshop, Laboratory, or Office Use. With 
upwards ofooo Recipes and Formulae. By H. C. Standagb . . 2/0 

Olooks and Watones, and Balls, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q.C. (Lord 
Grimthorpb). Seventh Edition 476 

Ths Goldsmith's Handbook. 

Contuning full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels. 
&c, Ac. By Gburcb E. Gee. Fifth Edition 3/0 

Tho 8ilTorsniith*s Handbook, 

On the same plan as the Goldsmith's Handbook. By George E. Gek. 

Third Edition 3/0 

•*• TAf last two Works^ in One tutndsomt Vol.^ Jui{f-hounif^ J/Q. 

Tho Hall-Markintf of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hail- 
Marks at the various Assay Offices. By Gbobgb E. Gbs . 3/0 

French Polishing and Bnamellin^. 

A Practical Work of Instruction, including numerous Recipes for making 
Polbhes, Varnishes, Glaze-Lacquers, Revivers, &c. By R. Bitmead. 

i/nst Publisfud. 1 /6 

Pracstical Or^an Building. 

ByW. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coaoh-Buildin^ : 

A Praaical Treatise. By Jambs W. Burgess. With 57 Illustrations 2/6 

The Brass Founder's Manual: 

Instructioat for Modelling, Pattern Making, Moulding. Turning, &c. By 
W. Graham 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 
46 Diagrams. By W. J. E. Crane. Third Edition, revised . .1/6 

8ewin|{ Maohinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &c. ByJ. W. Urquhart, CE 2/0 

Gas Fitting: 

A Practical Handbook. Bv John Black. New Edition . . 2/6 

Oonstruotion of Door Looks. 

From the Paoers of A. C Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model Ijooomotive Bntfineer, Fireman, and 
Bi^^ine-Boy. 

Comprising an Historical Notice of the Pioneer lAxx>motive Engines and 
their Inventors. By Michael Reynolds 3/0 

The Art of Lietter Painting made Easy. 

ByJ. G. Baubnoch. With i 3 full-page Engravings of Examples . t/6 

The Art of Boot and Bhoemakin^. 

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By 
John Bbofobd Leno. With numeroos Illustrations. Fourth Ediiioo 2/U 

Meohanioal Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures. By Chables Hunter. Fourth Edition . . 3/O 

Wood Bn^ravin^: - 

A Practical and Easy Introdoaion to the Art. By W. N. Bbown . 1 /6 

L*nndry Management. 

A Handbook for Use in Private and Public Laundries. By the Editob of 
<*7^LBandr7JottmBL" g/Q 



\ 
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ACRICULTURF GARDENING, ETC. 



A Practical Trsacuc By Pnj£. Joim Scctt. Widk M [Qiiatnciaw t /Q 

and Water Svp^y: 

A Pratixicaa Treiciae on Water Meadows, iM W J g e Imnnon. Warpia^ Ac; 
<m the C:n>tnxctioa of Weils, Poods, Rrwrvoin, «c. By PiroC Jota 
So'.TT. Wuii 34 IJuscxanocs 1/8 

A Practical Treatise co die Roatis, Tramways, and Watcrwsys of tbe 
Farm : che Principles of Enciosores ; and dte diAavu kinds of Fences., 
Gates, and Sciles. By Pro£. Joas Scott. Wkh 75 UlnrtntMM . t /6 



Bolldin^s : 

A Practical Treatise 00 che Build inyi nrotimr y for varioas kinds of 

their Arrangement ami Cofutrucxion. with Plans and Estiaa£es» By IVoC. 

JoMM ScoTr. With 105 lila.-ftratioos 2/0 

ImplaniMits and MaohiiMs: 

Treating of the Application of Power and Machines osed in the Threshinc- 
bom, Stockyard. Dairy, 9tr.. By Pr^f. J. Scott. With xvj IIlBscratBOMS. 

2/0 
Ftold ImplemiMits and Machln— ; 

with Principles and Detailt of (Jooitmction and Points of ExceHence, their 
Mar.agcTT.enc, Ac By Prof. JjHn Scott. With 138 Illostratioos 2/0 

A^ricaltnral Surveying: 

A 1 reatite on Lan i Surveyinz, Lerelling, and Settin^-out ; with Directions 
for Valuing L-ttatei. By Prot. J. ScoTT. With 6a lUostrations . t /6 

Farm Bngineerin^. 

By I'r>fcsv>r John bcorr. Comprising the above Seven Volomes in One, 
1,150 pag», and uver 600 lUu-stratioos. HzJf-boand . . . 1 2/0 

Oatlines of Farm Management. 

Treating of the Or.eral Work of the Farm ; Stock ; Contract Work ; 
Labour, &c by R. Scott Blrn 2/6 

Oatlines of Landed Estates Management. 

Treating of the Varieties of l.ands. Methods of Farming, Setting-oat of 
Farms Roads, Fences Gates Drainage, &c By R. Scott Burk . 2/6 
•,* T/u ahci e T'.vo I 'els. in Otu, kandsomtly hAlf-baund, frict 6/0 

Boils, Manures, and Crops. 

(Vol. I. Outlines ok Modern Farming.) By R. Scott Burn . g/Q 

Farming and Farming Economy. 

(VoL II. Oltunr-s of Modern Farming.) By R. Scott Burn 3/0 

Btook: Gattle, Slieep, and Horses. 

(Vol. III. Outlines of Modern Farmi.vg.) By R. Scott Born 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beclamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,950 pp., profusely Illustrated, half-bound t 2/0 
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Book-keeping for Farmers and Estate Owners. 

A Practical TreatUe, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Gorn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinery, 
by W. S. HuTTON, C.E 2/0 

The Hay and Stravr Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steele 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Bheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbr, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated ** • • • 3/0 

Kitchen Gardening Made Basy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glenny. Illustrated 1/6 

Cottage Gardening: 

Or Flowers, Fruiu, and Vegetables for Small Gardens. By E. Hobday. 

1/6 

Garden Receipts. 

Edited by Charles W. Quin 1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Brbuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees. Shrubs, Oimbers, aiid 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /Q 

•,* TAf above Two Vols, in Onr, handsomely half-bound^ price 3/6 

Vhe Art of Grafting and Budding. 

By Charles Baltst. With Illustrations . * 2/6 
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MATHEMATICS, ARITHMETIC. ETC. 
D^aoriptiva Qaomatrj, 

An Elementary Treatise on ; with a Theory of Shadows and of P te rap e cti re, 
extracted from the French of G. Muxgr. I'o vhidi is added a Desc^ptiua 
of the Princii^es and Practice of Isonetncal Prujcctiuo. ByJ.F. HsATink, 
M.A. With 14 PUtes 2/0 

Pnuxtical Plana Oaomatry: 

Givini^ the Simplest Modes of ConKtmcting Fibres oont^ned io ooe Plane 
and (^ometrical Construction of the Ground. By J. F. If eathkk, M.A. 
With 315 Woodcuts 2/0 

JLnalytioal Gaomatry and Conio SaoUona, 

A Rudimentary Treatl<«e on. Bv James Hann. A New Edition, re- 
written and enUrn^ed by Profe«i«of- J. K. YoL'.no . . • > 2 O 

Buolid (Tha Elamanta of). 

With many Additional Pniposition^ and Explanatory Notes; to which is 
{nefixed an Introductory Elssay on I..OKic. By Hsnky Law, C.E. . 2/6 

Suolid. The First Three Books. By Henry Law, C.E. . . .1/6 
SuolkL Books 4, 5, 6, II. 12. By Henky Law, CE. . . .1/6 

Plana Tritfonomatry, 

The Elements of. By Jambs Hann. I/I3 

Bpharioal Trigonometry, 

ITie Elements of. By James Ha.mn. Revised by Charles H- Dow- 
ling, C.E. 1/0 

*,* Or with " Tht Elements flf P Line Trigonometry" in One Volume ^ 2 '6 

Differential Galoulus, 

Elements of the. By W. S. B. WooLHorsE, F.R.A.S., &c . .1/6 

Inta^al Galoulus. 

By Homkrsham Cox, B.A I/Q 

Algebra, 

The F.lements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Kay and Companion to the Above. 

An extensive ReiKtsitory of Solved Examples and Problems in Aleebra. 
By J. R. YoLNG 1/6 

Gommercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Hadix>n, M.A |/g 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Yoi'Nc;, late Professor ol Mathematics 
in Belfast College. 'Ihirteenth Edition 1/6 

A Key to the Above. 

ByJ.R. Young t/g 

Bquational Arithmetic, 

Applied to Questions of Inte*est, Annuities, Life Assurance, and Genenil 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. ByW. Hihslev • . . l/o 

Arithmetic, 

Rudimentary, for the Use of Schools and Self- Instruction. By Jamr-« 
Hadix>n, Ni.A. Revised by Abkaiiam Akman . . . • 1 /6 

fi Key to the Above. 

jTiy A- Arm \n . . • • ■ 1 /6 
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Mathematical Instruineiits : 

'l*heir Construction, Adjustment, Testing, and Use concisely Explained. 
By J. F. Hbaihkm, M.S., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Wai.mislkv. 
M.I.C.E. Orijiinal Edition, in i vol., Illus.rat«Hl .... 2/0 

•,* /« order tHff tkt ahoi'C^ he careful to sny ** Orig^ifia/ Edition,*' or rive tk« 
Huttiher in the Series (32X to distinguish it from the Enlarged Edition in 
3 vols, {as /oiioivs) — 

Draivin^ and Measuring Instrumenta. 

Including — I. Instruments employed in Geometrical and Mechanical Draw* 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heathkr, M.A . 1 /Q 

Optical Instrumeiits. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Hratiikk, 
MA. Illustrated 1/6 

Surveying and Astronomical InatrumMits. 

Including — I. Instruments used for Determining the Geometrical Featurci 
. of a portion of Ground. II. Instniments employed in Astronomical Ob- 
servations. By J. F. Hbathbr, M.A. Illustrated. . • 1 /6 

•»• The ab<n*e three volumes form an enlargement of the Author's original worh^ 
" Mathematical Instruments^*' price 2/0* {Described at top of page.) 

Mathematical Instruments: 

Their Construction, Adjustment, Testing and Use. Comprising Drawinff, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. r. 
H bather, M.A. Enlarged Edition, for the roost part entirely re-written. 
The Hiree Parts as above, in One thick Volume 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charlbs Hoamk, 
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.E. Revised Edition . . . 3/0 

Compound Interest and Annuities (Theory of). 

With Tables of Ix)garithms for the more Difficult Compuutions of Interchi, 
Discount, Annuities, &c., in all their Applications ana U<»es for MercantiU 
and State Purposes. By Fbi>ok Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixeda I'reatise on Logarithms. By H. Law, C.E. Together with a 
Scries of Tables for Navigation and Nautical Astronomy. By Profes»or J. 
R. Young. New Edition 470 

Mathematics, 

As applied to the Constructive Arts. By Francis CAMriN, C.E., ftc. 
Third Edition 3/0 

Astronomy. 

By the Tate Rev. Robert Main. F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. Lynn, F.R.AS. . . 2/0 

Statics and Dynamics. 

llie Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Bakbr, C.E. 
I vMirth Edition 1 /^ 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Pietore 
Amateurs. 

Beinf; a Guide for Visitors to Public and Private IHctore Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of PrindiMd Schoob oif 
Painting. &c. By PHiLirrB Daryl, B.A. 2/6 

Painting Popularly Explained. 

By T. j. GuLLicK. Painter, and John Timbs, F.S.A. Indading Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniatnre, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Sixth Edition (5/0 

A Dictiona^ of Terms used in Arohiteoture, Build- 
ing, Bntfineerintf, Mining, Metallur^, Arctue- 
ologYt the Fine Arts, ftc. 

ByJoHNWKAUL Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charlbs Child Spbnckr 2/d 

Pianoforte, 

The Art of Playing the. With numerous Exerdses and Lessons. By 
Charlrs Child Spencer M9 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy M.anagemcni, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c. By An Old Housbkbepkr . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revi^d . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird 1 fQ 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . .1/6 

The Elementary Principals of Electric Lighting. 

r.y Alan A. Campbell Swinton, M.Inst.C.E., M.I.E.E. Fourth 
Eduion, Revised [fust Publisfud \ /Q 

The Electric Telegraph, 

Us History and Progress. By R. Sabine, C.E., F.S.A., &c . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.RG.S. With 163 Woodcuts . . 3/0 

Logic, 

Pure and Applied. By S. H Emmen<:. Third Etlition . . .1/6 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . , .1/6 

The Gompendious Calculator 

{Intuitive Calculations). Or Easy and Concise Methods of Performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Daniel O Gorman. 
Twenty-seventh Edition, cauvfully revised by C Norris . . . 2/6 
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Wmk0^tm^ and MoBttys of all Matioaa. 

Wish i3 Aza^vsis :f the Chnsea;:. KeVrrw. *t*J Mji*s.vfr<tjut Cji\-'s'ai>. 
Bt W. 3. & ViTrocM -c^w. F.R.A^ , F.S.S. 5c%«Bch FJiikk: 2 S 

of tlio gw^limh ToB^Ot 

^>ckc= and Wntten. W:th as lacrrxiixicttoD to :Vi< Stthir of Cc«*;vkr»t!w« 
F%iIclogj. By Ht7I Claxke. D.C.L. Fitch Edition. '. . .16 

IMoiionary of the Bullish I^aii^atfo. 

As Spokes a.-'! Wr.Ken. CoocainLt; above i.^o^vvo \Vo«\!*. Kv Hw-k 
Clakkx, D.C.L '3 6 

Compooition and Pimcrtiiatioii, 

Familiarly Explained for :h>><e who have ne£*eccc\l the StU\ly of l«F«mnur. 
By Justin Brf.san. t:i i E<!:1(oq. .16 

Fronch Grammar. 

With Complete .in:* Con.i*e Rule.> oa the Genders of Firn.'h N^ninv Ih- 
G. L. STRAii.s. Ph.D 16 

BSn^Iish-French Dictionary. 

Comprising a large number of Terms used in Kn];incering, Mining, j(\-. 
By Alfred Elwf5 2.0 

Fronch Dicrtionary. 

In two Parts — I. French* English. II. English* French, ivrnplete in 

One VoL 3/0 

*•* Or xelth the Grammar. 4 6- 

Fronch and English Phrase Book. 

Containing Introductory I,e«sons, with Translations ViKahularies of Wonl», 
Collection of Phrases, and Easy Familiar Dialogues . . . •Id 

Qorman Grammar. 

Adapted for English Sii dents, from He)-se*s Theoretical and IVai tiral 
Grammar, by Dr. G. L. Strai'ss ^ /Q 

Gorman Triglot Dictionary. 

By N. E. S. A. Hamilton. Part 1. German- Frenih-Knislixh. Part II. 
English-German-French. Part 111. French-German- English . 3/0 

Gorman Triglot Dictionary. 

(As above). Together with German Cramni.ir, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty I^essons, with Exercises. \\y Alkkko Envhik. 1/6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Itnlian nnd Frriit.li Nouns are tuirfully 
noted down. By Alfrku Elwks. Vol.1. Italian- Knglish-Frcnch. 2/6 

Italian Triglot Dictionary. 

By Alfred Elv. Ks. Vol. II. EnKliHli-French- Italian . . . 2/6 

Italian Tricot Dictionary. 

By Alfred Elwes. Vol.111. French-Italian- Knglitti . . 2 6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/^ 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Ai.fnki/ Ki.wKh 1 /6 

Spanish-En^ish and Bn^ish-Spanish Dictionary. 

Inclnding a large number of Technical Trrmn uknd in Miiiiitg, hnitiiiri'iifig, 
&c., with the proper Accents and iltc (Render of ^^Kiy N«/uu. By Ki*¥¥U 

Klwes 4/0 

*•* Or with tk« Cjiammar, 6/0* 
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Ufcirtugamam Orammar, 

In a Simple and Practical Form. With Exercises. By Alprbu Elwbs t /6 

Porto^ttse-Blii^ish and En^i8h-Portii^«a« Di«s- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
ftc, with the proper Accentx and the Gender of etery Noun. By Alpkrd 
Elwes. lliird Edition, revised 6/0 



» • 



Or with the Gkammak, T/0* 



Animal Physios, 

Handbook of. By Dionvsius Lardnbr, D.C.L. With 520 lUostratioiM. 
In One Vol. (732 page^), cloih boards 7/Q 

*,* SeM also in Tvfo Parts^ at /ellews: — 

Animal Physics. By Dr. Lardnsr. Parti., Chapters I. — VII. 4/0 

Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 

3/0 
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